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SINGLE CRYSTAL SILICON ARRAYED DEVICES 
FOR PROJECTION DISPLAYS 

Background of the Invention 

Flat-panel displays are being developed which 

5 utilize liquid crystals or electroluminescent materials 
to produce high quality images. These displays are 
expected to supplant cathode ray tube (CRT) technology 
and provide a more highly defined television picture. 
The most promising route to large scale high quality 

10 liquid crystal displays (LCDs) , for example, is the 
active-matrix approach in which thin-film transistors 
(TFTs) are co-located with LCD pixels. The primary 
advantage of the active matrix approach using TFTs is the 
elimination of cross-talk between pixels, and the 

15 excellent grey scale that can be attained with 
TFT-compatible LCDs. 

Flat panel displays employing LCDs generally include 
five different layers: a white light source, a first 
polarizing filter that is mounted on one side of a 

20 circuit panel on which the TFTs are arrayed to form 

pixels, a filter plate containing at least three primary 
colors arranged into pixels, and finally a second 
polarizing filter. A volume between the circuit panel 
and the filter plate is filled with a liquid crystal 

25 material. This material will rotate the polarization of 
light when an electric field is applied across it between 
the circuit panel and a ground affixed to the filter 
plate. Thus, when a particular pixel of the display is 
turned on, the liquid crystal material rotates polarized 

30 . light being transmitted through the material so that it 
will pass through the second polarizing filter. 

The primary approach to TFT formation over the large 
areas required for flat panel displays has involved the 
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use of amorphous silicon which has previously been 
developed for large-area photovoltaic devices. Although 
the TFT approach has proven to be feasible, the use of 
amorphous silicon compromises certain aspects of the 
panel performance. For example, amorphous silicon TFTs 
5 lack the frequency response needed for large area 

displays due to the low electron mobility inherent in 
amorphous material. Thus the use of amorphous silicon 
limits display speed, and is also unsuitable for the fast 
logic needed to drive the display. 
10 Owing to the limitations of amorphous silicon, other 

alternative materials include polycrystalline silicon, or 
laser recrystallized silicon. These materials are 
limited as they use silicon that is already on glass 
which generally restricts further circuit processing to 
15 low temperatur es - 

Thus, a need exists for a method of forming high 
quality TFTs at each pixel of a panel display having the 
desired speed and providing for ease and reduced cost of 
fabrication. 

20 Summary of the Invention 

The present invention relates to panel displays and 
methods of fabricating such displays using thin-films of 
essentially single crystal silicon in which transistors 
are fabricated to control each pixel of the display. For 

25 a preferred embodiment, the thin-film or transistor array- 
is transferred onto an optically transmissive substrate 
such as glass or transparent organic films. In this 
embodiment, the thin-film single crystal silicon is used 
to form a pixel matrix array of thin-film transistors 

30 which actuate each pixel of an LCD. CMOS circuitry that 
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is highly suitable for driving the panel display can be 
formed in the same thin-film material in which the 
transistors have been formed. The circuitry is capable 
of being fully interconnected to the matrix array using 
< 5 thin-film metallization techniques without the need for 
wires and wirebonding. 

Each transistor, by application of an electric field 
or signal, serves to control the optical transmission of 
light from or through an adjacent material or device. 

10 For the purposes of this application the transistor and 
the adjacent material or device through which light from 
a source is transmitted is referred to as a light valve. 
Thus, each pixel of the panel display can be an 
independently controlled light valve. Examples of such 

15 light valves include LCDs or any liquid or solid state 
material whose light transmitting characteristics can be 
altered with an electric field or signal and which can be 
configured to provide a dense pixel array. The present 
devices and related methods of fabrication satisfy all of 

20 the requirements of large scale flat panel to produce 

highly defined color images. The transistors or switches 
can be paired with electroluminescent display elements 
(ELDs) or light emitting diodes (LEDs) to provide a 
display . 

25 A preferred embodiment of the present invention 

utilizes large area semiconductor films, separates the 
films from the processing substrate, and mounts them on 
glass or other suitable optically transmissive materials. 
Films of single crystal silicon with thicknesses on the 

30 order of 2 microns or less, have been separated from 

epitaxial substrates, and the films have been mounted on 
glass and ceramics. Functional p-n junction devices such 
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as field effect transistors ("FETs") are at least 
partially fabricated prior to separation and then 
transf erred to glass. Various bonding procedures can be 
used for mounting on substrates including adhesives, 
5 electrostatic bonding, Van der Waal's forces or a 

eutectic alloy for bonding. Other known methods can also 
be utilized* 

A preferred embodiment of the process comprises the 
steps of forming a thin essentially single crystal Si 

10 film on a release substrate, fabricating an array of 
pixel electrodes and thin-film enhancement mode 
transistors, and associated CMOS circuitry on the thin 
film. Each transistor is electrically connected to one 
of the pixel electrodes such that each pixel can be 

15 independently actuated by one of the transistors. The 

CMOS circuitry cam be used to control pixel actuation and 
the resulting image or images that are displayed. Device 
fabrication can be initiated while the thin-film is still 
attached to the release substrate by formation of source, 

20 drain, channel and gate regions, and interconnection with 
pixel electrodes. By substantially completing device 
prdcessing prior to transfer to the final panel 
substrate, a low temperature glass or polymer can be 
used. Alternatively, all or a portion of device 

25 fabrication can occur after release, or upon transfer of 
the processed film to the glass or plastic plate. After 
transfer, integration with color filters and liquid 
crystal materials completes the panel for an embodiment 
employing an LCD. 

30 preferred methods of thin-film formation processes 

employ silicon-on- insulator (SOI) technology where an 
essentially single crystal film is formed on an 
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insulating substrate from which it can be released. For 
the purposes of the present application, the term 
"essentially single crystal" means a film in which a 
majority of crystals extend over a cross-sectional area, 

5 in the plane extending laterally through the film, of at 
least 0.1 cm and preferably in the range of 0.5 -1.0 cm 
or more. Such films can be formed using Jcnown 
techniques, on sapphire, Si0 2 , Si wafers, carbon and 
silicon carbide substrates, for example. 

10 SOI technology generally involves the formation of a 

silicon layer whose crystal lattice does not match that 
of the underlying substrate. A particular preferred 
embodiment uses Isolated Silicon Epitaxy (ISE) to produce 
a thin film of high quality Si on a release layer. This 

15 process can include the deposition of a non-single 

crystal material such as amorphous or polycry stall ine 
silicon on the release layer which is than heated to 
crystallize the material to form an essentially single 
crystal silicon. The use of a release layer enables the 

20 film and circuit release using oxides beneath the active 
layer that can be etched without harm to the circuits. 

In a preferred embodiment the entire substrate on 
which the epitaxial film has been formed is removed by an 
etch back procedure. 

25 Alternatively, methods of chemical epitaxial 

lift-off, a process for transferring semiconductor 
material to glass or other substrates, can be applied to 
large area sheets of the desired semiconductor material. 
These or other release methods can be used to remove any 

3° thin-film single crystal material from a growth substrate 
for transfer onto substrates for circuit panel 
fabrication. 
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The present invention includes CMOS circuit and 
pixel electrode formation in a recrystallized silicon 
film that is then, secured to a second transfer 
substrate , removed from the starting wafer or substrate, 
and mounted on the glass or other suitable substrate to 
form the circuit panel. Alternatively, one can first 
form the circuits, bond the circuits to glass, and then 
separate the circuits from the substrate. The pixels are 
positioned in rows and columns having a planar geometry. 
The order of the fabrication steps allows the use of 
conventional fast CMOS (or other) logic onboard the 
glass, since the high temperature processing for these 
circuits are performed prior to transfer. 

Another preferred embodiment involves the 
fabrication of a discrete array of transistor elements, 
transferring these elements onto a stretchable substrate 
which either contracts or expands to provide the desired 
spacing or registration of the discrete elements and then 
transferring these elements onto a final substrate that 
is including in the display panel. 

Other preferred embodiments of the present invention 
relate to projection display devices (i.e. monitors and 
image projectors) including methods of fabricating such 
devices using thin films of single crystal silicon in 
which a light valve matrix (or matrices) is formed for 
controlling images produced by these devices. In 
accordance with the present invention, projection display 
devices employing high density single crystal silicon 
light valve matrices provide high resolution images 
compatible with 35 mm optics. 

In one preferred embodiment, an optically 
transmissive substrate is positioned to receive light 
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from a back-light source and a light valve matrix is 
secured to the substrate. In accordance with the present 
invention, the light valve matrix includes an array of 
transistors and an array of electrodes which are formed 

5 in the thin film of single crystal silicon. The light 

valve matrix also includes an adjacent light transmitting 
material, through which light from the back-light source 
is selectively transmitted. Preferred embodiments are 
directed to light valves employing a transmissive light 

10 transmitting material such as liquid crystal or a 
ferroelectric material, although other transmissive 
materials may be used. Each light valve includes a 
transistor, an electrode and a portion of the adjacent 
light transmitting material. Each transistor, by 

15 application of an electric field or signal, serves to 
control the optical transmission of light through the 
adjacent light transmitting material for a single light 
valve . 

A driver circuit is electrically connected to the 
20 light valve matrix to selectively actuate the light 

valves. The drive circuitry may be formed in the same 
thin-film material in which the transistors and 
electrodes have been formed. The drive circuitry is 
capable of being fully interconnected to the matrix using 
25 thin-film metallization techniques without the need for 
wires and wirebonding. An optical system is also 
provided for projecting light transmitted through the 
actuated light valves onto a large viewing surface. 
The present devices and related methods for 
30 fabricating projectors satisfy the requirements of large 
screen television or monitor displays for producing 
highly defined color images. To that end, a projection 
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display device can have multiple light valves each 
adapted to selectively transmit light of a single primary 
color- Further, a dichroic prism may be provided for 
combining the single color light transmitted by each 
light valve producing a multi-color light image which is 
projected onto a large viewing surface. 

A preferred embodiment of the formation process for 
a light valve matrix employed in a projective display 
device comprises the steps of forming a thin single 
crystal silicon film which includes forming a layer of 
polycrystalline silicon on an insulating substrate and 
scanning the polycrystalline layer with a heat source to 
crystallize the layer to form a wafer of single crystal 
silicon. The process also comprises the steps of 
transferring the single crystal silicon film onto an 
optically transmissive substrate and attaching the film 
to the substrate with an adhesive, or other techniques 
described herein forming an array of transistors r an 
array of electrodes and drive circuitry on the silicon 
film and forming an adjacent layer of light transmitting 
material (for example a liquid crystal material) through 
which light from a back-light source may be transmitted. 
Each transistor is electrically connected to an electrode 
such that each light valve may be independently actuated 
by one transistor. The drive circuitry may be used to 
control pixel actuation and an optical system is provided 
for projecting the resulting images onto a large viewing 
surface. 

Other preferred embodiments of the present invention 
relate to an active matrix slide adapted for use in a 
conventional 35 mm slide projector for providing 
monochrome or multi-color images. The slide is 
fabricated to have equivalent physical dimensions as a 
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standard 3 5 nun photographic slide having an image which 
can be. projected by a slide projector. In accordance 
with the present invention, the active matrix slide, 
being packaged to be size equivalent or nearly equivalent 
with a standard 35 nun slide , is insert ible into a slide 
projector with or without modification thereof for 
generating the projected images. An electronics unit is 
connected to the slide and controls image generation by 
the slide. In preferred embodiments, the slide is 
capable of generating monochrome or multi-color images. 

In one preferred embodiment of the invention, an 
active matrix slide assembly is adapted for use with a 
slide projector having a projector body, a light source, 
an optical system and a chamber in which a 35 mm slide 
can be placed for projection of its image onto an 
external viewing surface. The slide assembly includes a 
housing and an active matrix slide movably mounted to the 
housing. As such, the slide has a storage position and 
an operating position. The housing is positioned on the 
slide projector body such that the slide, being moved 
into the operating position, can be securely disposed in 
the projector chamber for selectively transmitting light 
from the light source to provide images for projection by 
the slide projector. 

The housing preferably contains a shielded 
electronics assembly which is electrically connected to 
the slide for controlling image generation. The 
electronics assembly receives image data from an image 
generation device which may be a computer or any video 
device. Image data provided by the device is processed 
by the electronics and sent to the active matrix slide. 
Responsive to the received data, the slide actuates the 
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15 



individual active matrix light valves such that the 
illuminating light from the. light source is selectively 
transmitted through the slide to form monochrome or 

multi-color images. . 

in another preferred embodiment, the active matrix 
slide assembly includes an active matrix slide and a 
remote electronics housing. The slide is dimensioned to 
be securely positioned in the chamber of the slide 
projector and is electrically connected to electronics m 
the remote housing by a cable. 

in yet another preferred embodiment, the active 
matrix slide assembly includes an active matrix slide 
which is not physically connected to the electronics 
housing, instead, the active matrix slide and the 
electronics in the housing communicate with each other 
via antenna elements such as RF antennas or infrared 
transmitter /detector elements. 

As with aforementioned embodiments, an active matrix 
slide has an array of pixels or light valves which are 
i individually actuated by a drive circuit. The drive 
circuit components can be positioned adjacent to the 
array and electrically connected to the light valves. As 
such, the individual light valves are actuated by the 
drive circuit so that illuminating light is selectively 
transmitted through the slide to form an image. 

In preferred embodiments, the active matrix 
circuitry is formed in or on a layer of a semiconductor 
material such as silicon. It is noted that any number of 
fabrication techniques can be employed to provide 
preferred thin-films of polysilicon or single crystal 
silicon. in embodiments in which a thin-film of single 
crystal silicon is used, extremely high light valve 



25 
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densities can be achieved such that high resolution 
images are obtained* Other embodiments employ the use of 
a solid state material or ariy material whose optical 
transmission properties can be altered by the application 
5 of an electric field can be used to supply the light 
valves of the present invention. 

Brief Description of the Drawings 

The above, and other features of the invention 
including various novel details of construction and 

10 combination of parts, will now be more particularly 

described with reference to the accompanying drawings and 
that pointed out in the claims. It will be understood 
that the particular panel display and the methods used in 
fabricating those panels which embody the invention are 

15 shown by way of illustration only and not as a limitation 
of the invention. The principal features of this 
invention can be employed in various embodiments without 
departing from the scope of the invention. 

Figure 1A is an exploded perspective view of a flat 

20 panel display in accordance with the invention. 

Figure IB is a circuit diagram illustrating the 
driver system for a preferred embodiment of the 
invention . 

Figures 2A-2L is a preferred process flow sequence 
25 illustrating the fabrication of a circuit panel for a 
flat panel display. 

Figure 3 is a cross-sectional view of a preferred 
embodiment of the display panel. 

Figure 4 illustrates in a perspective view a 
30 preferred embodiment of a system used for 
recrystallization . 
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Figure 5A illustrates the use of a patterned release 
layer to entrain boundaries in a crystallized material. 

Figure 5B illustrates the use of a patterned cappxng 
layer to entrain boundaries. 

Figure 6A illustrates the drain current and 
transconductance characteristics for a MOSFET prior to 
transfer to glass in accordance with the invention. 

Figure 6B illustrates the drain current and 
transconductance characteristics for the MOSFET of Figure 
) 6A after transfer to glass. 

Figure 7A illustrates the drain current of the 
device in Figure 6A plotted on a logarithmic scale at two 
different drain voltages. 

Figure 7B illustrates the drain current of the 
5 device in Figure 6B plotted on a logarithmic scale at two 
different drain voltages. 

Figure 8A illustrates the drain current output of 
the device of Figure 6A with the gate voltage varying 
between 0 and 5 volts. 
zo Figure 8B illustrates the drain current output of 

the device of Figure 6B with the gate voltage varying 
between 0 and 5 volts. 

Figures 9A-9C are a series of cross-sectional 
diagrams illustrating a lift-off process in accordance 

25 with the invention. 

Figure 10A is a partial perspective view of a wafer 
during lift-off processing according to another 
embodiment of the invention. 

Figure 10B is a sectional view taken along lines 
30 II-II of Figure 10A of the lift-off structure after a 
step in the process. 
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Figure IOC is a partial perspective view of a 
portion of a wafer during lift-off processing in another 
embodiment where registration is maintained. 

Figures 10D and 10E show cross-sections of the 
5 structure of Figure IOC after additional steps in the 
lift-off process. 

Figures 11A-11E are schematic drawings of a wafer 
during various steps in the process flow of a lift-off 
procedure in accordance with the invention. 
10 Figures 12A-12C are schematic sectional drawings of 

another preferred lift-off procedure of the invention. 

Figures 13A-13C schemztically illustrate a preferred 
method of transfer in accordance with the invention. 

Figures 14A and 14B schematically illustrate 
15 additional transfer methods in accordance with the 
invention. 

Figure 15 illustrates a preferred system for 

monitoring and controlling device registration in 

accordance with the invention. 
20 Figure 16 is a cross-sectional view of a preferred 

projection system employed in a high resolution monitor 

of the present invention. 

Figure 17 is an illustration of a preferred high 

resolution monitor of the present invention. 
25 Figure 18 is an illustration of a high resolution 

projection monitor which employs a folded optics 

geometry . 

Figure 19 is an illustration of another preferred 
projection system which may be employed in the monitor of 
30 Figure 18. 

Figure 20 is an illustration of another preferred 
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projection system which may be employed in the monitor of 
Figure 18- 

Figure 21 is an illustration of an image projector 
of the present invention. 
5 Figure 22 is an illustration of another preferred 

high resolution projection monitor of the invention. 

Figure 23 is a circuit diagram illustrating the 
driver system for a projection device of the present 
invention 

10 Figures 24A-24D are a preferred process and transfer 

sequence for fabricating a light valve matrix and 
transferring it to a support structure. 

Figures 25A-25C are another preferred process and 
transfer sequence for fabricating a light valve matrix 
15 and transferring it to a support structure. 

Figures 26A-26E are yet another preferred process 
and transfer sequence for fabricating a matrix and 
transferring it to glass substrate. 

Figure 27 is an illustration of a conventional slide 
20 projector. 

Figure 28 is an exploded perspective view of an 
active matrix slide assembly in accordance with the 
present invention . 

Figures 29A-29B illustrate a preferred embodiment of 
25 an active matrix slide assembly employed in a 
conventional slide projector. 

Figure 30 is an illustration of another preferred 
embodiment of an active matrix slide assembly employed in 
a conventional slide projector. 
30 Figure 31 is a perspective view of another 

embodiment of an active matrix slide assembly of the 
present invention. 
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Figure 32 is a circuit diagram illustrating a 
preferred driver system for an active matrix slide 
assembly. 

Figure 33 is a perspective view of yet another 
5 embodiment of an active matrix slide assembly of the 
present invention. 

Figure 34A-34B are circuit diagrams illustrating two 
preferred driver systems for the active matrix slide 
assembly of Figure 33. 
10 Figure 35 is a perspective view of yet another 

embodiment of an active matrix slide assembly. 

Figure 36 is a top view of a semiconductor wafer 
which can be processed to provide a plurality of active 
matrices for use in active matrix slide assemblies. 
15 Figure 37 is a voltage characteristic of a 

floating-body , n-channel MOSFET demonstrating the kink 
effect. 

Figures 38A, 38B and 38C demonstrate the 
implantation procedure of the present invention. Figure 

20 38D illustrates another preferred embodiment of an 

n-channel floating body MOSFET that can be produced by 
the method set forth in Figures 38A-38C. 

Figure 39A illustrates the voltage characteristics 
and drain conductance of devices with sulfur implantation 

25 according to the present invention and without sulfur 
implantation. Figure 39B illustrates the current 
-voltage characteristics of a device made in accordance 
with the invention using silicon implantation. 

Figures 4 OA and 4 OB illustrate two embodiments the 

30 use of floating-body n-channel MOSFETS devices of the 
present invention as the pixel control circuit in a 
display panel. 
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Detailed Description of Preferred Embodiments 

A preferred embodiment of the invention is 
illustrated in the perspective view of a panel display in 
Figure 1. The basic components of the display include a 
light source 10 that can be white or some other 
appropriate color, a first polarizing filter 12, a 
circuit panel 14, a filter plate 16 and a second 
polarizing filter 17, which are secured in a layered 
structure. A liquid crystal material (not shown) is 
placed in a volume between the circuit panel 14 and the 
filter plate 16. An array of pixels 22 on the circuit 
panel 14 are individually actuated by a drive circuit 
having first 18 and second 20 circuit components that are 
positioned adjacent the array such that each pixel can 
produce an electric field in the liquid crystal material 
lying between the pixel and a counterelectrode secured to 
the color filter plate 16. The electric field causes a 
rotation of the polarization of light being transmitted 
across the liquid crystal material that results in an 
adjacent color filter element being illuminated. The 
color filters of filter plate system 16 are arranged into 
groups of four filter elements such as blue 24, green 25, 
red 27, and white 29. The pixels or light valves 
associated with filter elements 24, 25, 27, 29 can be 
selectively actuated to provide any desired color for 

that pixel group. 

Other preferred embodiments employ the use of a 
solid state material to form a light valve for each 
pixel. A light emitting material such as an 
electroluminescent film or any material whose optical 
transmission properties can be altered by the application 
of an electric field can be used to supply the light 
valves of the present invention. 
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A drive circuit that can be used to control the 
display on the panel is illustrated in Figure IB. 
Circuit 18 receives an incoming signal and sends a signal 
to the pixels through buses 13. Circuit 20 will scan 

5 through buses 19 to turn on the individual transistors 23 
which charges capacitor 26 in each pixel. The capacitor 
26 sustains the charge on -the pixel electrode and the 
liquid crystal 21 until the next scan of the array. The 
various embodiments of the invention may, or may not, 

10 utilize capacitors with each pixel depending upon the 
type of display desired. 

Figures 2A-2L illustrate the use of an Isolated 
Silicon Epitaxy (ISE) process, to form 

silicon-on-insulator (SOI) films in which circuit panel 

15 circuitry is formed. Note that any number of techniques 
can be employed to provide a thin-film of single crystal 
Si. An SOI structure, such as that shown in Figure 2A, 
includes a substrate 3 0 and an oxide 34 (such as, for 
example, Si0 2 ) that is grown or deposited on the 

20 substrate 30. A thin single crystal layer of silicon is 
formed over the oxide 34. The oxide (or insulator) is 
thus buried beneath the Si surface layer. For the case 
of ISE SOI structures, the top layer is a substantially 
single-crystal recrystallized Silicon, from which CMOS 

25 circuits can be fabricated. The use of a buried 

insulator provides devices having higher speeds than can 
be obtained in conventional bulk (Czochralski) material. 
Circuits containing in excess of 1.5 million CMOS 
transistors have been successfully fabricated in ISE 

30 material. 

As shown in Figure 2B, the film 38 is patterned to 
define a transistor region 37 and a pixel electrode 
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region 39 for each pixel. An oxide layer 40 is then 
formed over the patterned regions including channel 48 
between the two regions 37, 39 of each pixel. The 
intrinsic crystallized material 38 is than implanted 44 
(at Figure 2C) with boron or other p-type dopant to 
provide a n-channel device (or alternatively, an n-type 
dopant for an p-channel device) . 

A polycrystalline silicon layer 42 is then deposited 
over the pixel and the layer 42 is then implanted 46, as 
seen in Figure 2D, with an n-type dopant to lower the 
resistivity of the layer 42 to be used as a gate. The 
polysilicon is patterned to form the gate 50, as seen in 
Figure 2E, which is followed by a large implant 52 of 
boron to provide p+ source and drain regions for the 
5 transistor. As shown in Figure 2F, an oxide 54 is formed 
over the transistor and openings 60, 56, 58 are formed 
through the oxide 54 to contact the source 66, the drain 
64, and the gate, respectively. A patterned Totalization 
70 of aluminum, tungsten or other suitable metal is used 
0 to connect the exposed pixel electrode 62 to the source 
60 (or drain) , and to connect the gate and drain to other 
circuit panel components. 

A second fabrication procedure is one of the 
substrate release processes that have been developed to 
25 form thin (1 to 5 micron) films of processed silicon 

bonded to glass; these films contain active semiconductor 
devices such as FETs that are partially of completely 
fabricated prior to transfer. The crystallization and 
release procedures including the cleavage of laterally 
30 grown epitaxial films for transfer (CLEFT) approach are 
described more fully in U.S. Patent No. 4,727,047 
incorporated herein by reference. The chemical epitaxial 
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lift-off (CEL) approach is described more fully in Uls. 
Patent Nos. 4,846,931 and 4,883,561. Both of the CLEFT 
and CEL techniques permit the reuse of the substrate, 
leading to reduced cost compared to other approaches in 
5 which the substrates are consumed. By combining thin 

film release techniques with SOI wafers, we will be able 
to form the required high quality films and circuits on 
glass. 

The foregoing indicates that CEL processes can be 
10 limited by the lateral distance that is required for the 
HF (or other etchant) undercut of the release layer. The 
key to large area panels using CEL is the release of 
patterned devices and/or circuits rather than complete 
large-area films, because the circuits or devices have 
15 unused areas that can be used as vertical channels 

through the film to allow the etch to reach the release 
layer. This approach is illustrated in Figures 2H-2L. 
To remove the circuit from the release substrate a first 
opening 70 (in Figure 2H) is formed in an exposed region 
20 of layer 36 that occurs between pixels. A second larger 
portion of layer 34 is than removed to form cavity 72 
such that a portion of layer 36 extends over the cavity 
72. 

In Figure 21, a support post 76 is formed to fill 
25 cavity 72 and opening 70, and which extends over a 

portion of layer 36. Openings or via holes 74 are then 
provided through layer 36 such that an etchant can be 
introduced through holes 74, or lateral openings 78 , to 
remove layer 34 (see Figure 2 J) . The remaining 
30 insulating layer 36 and the circuitry supported thereon 
is now held in place relative to substrate 30 with 
support posts 76. 
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First and second polarizer films or layers are than 
bonded to both sides and connectors are added. Finally, 
a white light source 114 , or other suitable light source, 
is coupled to polarize 112. 

5 A cross-sectional view of the resulting device is 

shown in Figure 3 wherein pixel electrodes 102 and 104 
are laterally spaced from- each other. Each pixel 102 7 
104 will have a transistor 106 and a color filter 120, 
122 associated therewith. Polarizing elements 112, 118 

10 are positioned on opposite sides of the structure which 
also includes bonding element or adhesive 108 and 
optically transmissive substrate 110, such as glass or 
plastic. Layer 108 can be a transparent epoxy or a low 
temperature glass that can have a thickness of 2-10 

15 microns. 

The CLEFT process permits the separation of a thin 
single-crystal films, grown by chemical vapor deposition 
(CVD) , from a reusable homoepitaxial substrate. Unlike 
the CEL process, in the CLEFT process the circuits or 
20 devices are first bonded to glass and after mounting the 
separation is made between the circuits and the 
substrate. 

The films removed from the substrate by CLEFT are 
essentially single-crystal, of low defect density, are 
25 only a few microns thick, and consequently the circuit 
panel has little weight and good transmission 
characteristics. For the purposes of the present 
application, the term "essentially single crystal" means 
a film in which a majority of crystals extend over a 

30 cross sectional area in a plane of the film of at least 

2 o 
0.1 cm , and preferably in the range of 0.5 - i.o cm or 

more . 
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The CLEFT process, illustrated in U.S. Patent No. 
4 727,047 involves the following steps: growth of the 
desired thin film over a release layer (a plane °* 
weakness), formation of metallization and other coatings, 
5 formation of a bond between the film and a second 

substrate such as glass (or superstrata) , and separation 
along the built-in-plane of weakness by cleaving. The 
substrate is then available for reuse. 

The CLEFT process is used to form sheets of 
10 essentially single crystal material using lateral 

epitaxial growth to form a continuous f xlm on top of a 
release layer. For silicon the lateral epitaxy is 
accomplished by the ISE process or other 
recrystallization procedures. Alternatively, 
,5 standard deposition techniques can be used to form the 
necessary thin-film essentially single crystal ma.erxal 

One of the necessary properties of the material that 
forms the release layer is the lack of adhesion 
the layer and the semiconductor film. Since a weak plane 
20 has been created by the release layer, the film can be 

cleaved from the substrate without any degradation. The 
... release layers can comprise multi-layer films of SI3N 
and Si0 2 . Such an approach permits the SiO to be used 
to passlvate the back of the CMOS logic. (The Si 3 N 4 is 
25 the layer that is dissolved to produce the plane of 

weakness.) In the CLEFT approach, the circuits are first 
bonded to the glass, or other transfer substrate, ana 
then separated resulting in simpler handling as compared 

to UV-cured tape . 
30 in the ISE process, the oxide film is strongly 

attached to the substrate and to the top Si film which 
will contain the circuits. For this reason, it is 
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necessary to reduce the strength of the bond chemically. 
This technique involves a release layer that is 
preferentially dissolved with an etchant without complete 
separation , to form a plane of weakness in the release 

5 layer. The films can then be separated mechanically 

after the glass is bonded to the circuits and electrodes. 

Mechanical separation- is accomplished as follows: 
The upper surface of the film is bonded with a 
transparent epoxy to a superstrate such as glass. The 

10 film and glass are then bonded with wax to glass plates 
about 5 mm thick that serve as cleaving supports. A 
metal wedge is inserted between the two glass plates to 
force the surfaces apart. Since the mask has low 
adhesion to the substrate, the film is cleaved from the 

15 substrate but remains mounted on the glass. The 

substrate can then be used for another cycle of the CLEFT 
process, and the device processing is completed on the 
back surface of the film. Note that since the device 
remains attached to a superstrate, the back side can be 

20 subjected to standard wafer processing, including 
photol i thogr aphy . 

The method further involves the preparation of 
single crystal films, with seeding in the case of an Si 
substrate and without seeding for the case of foreign 

25 substrates. For the case of seeded Si films, the 

standard recrystallization process is employed. In either 
case, the bottom oxide or nitride layer can be optimized 
for release purposes. 

In one embodiment of the recrystallization system, 

30 shown schematically in Fig. 4 the substrate temperature 
is elevated to near the melting point by a lower heater 
130. An upper wire or graphite strip heater 13 2 is then 
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comprise planarized Si 3 N 4 , while the release layer could 
comprise further deposition of Si0 2 . Alternative ly, the 
grooves could be filled entirely with Si0 2 ; the grooves 
could then function as channels for the release etch. 

5 A second approach involves patterning the cap layer 

145 after cap deposition, as shown in Figure 5B. 
Patterned ridges 147 of the cap 145 overlie boundaries 
148 in the recrystallized material that can extend 
between the cap 145 and release layer 141. A third 

10 approach would be to pattern the poly crystalline silicon 
layer. 

Capping layers can be used with foreign substrates. 
The capping layer must be adherent throughout the thermal 
cycle, but must be removable for device processing. A 

15 cap works well for smooth Si substrates, but the 

patterned layers necessary for entrainment can require 
new films. 

Figures 6-8 illustrate the electrical 
characteristics of a MOSFET made in accordance with the 

20 invention before and after transfer onto a glass 

substrate. Figure 6A graphically depicts the drain 
current 1^ and the transconductance G„ as a function of 
gate voltage V Q in the linear region, where the 
drain-source voltage is 50 mV, for a MOSFET prior to 

25 transfer to glass. The MOSFET has a width-to-length 

ratio of 2 50 pm/20nm and a gate oxide thickness of 890 A 

in a 0.5 /in thick recrystallized silicon material. 

Figure 6B shows the drain current I D and transconductance 

G u of the same device after transfer to glass. 
M 

30 Figure 7A graphically illustrates the drain current 

of the device of Figure 6A plotted on a logarithmic scale 
at two drain-source voltages V n « 50 mV and V = 5V. 



WO 93/15589 



PCT/US93/00614 



-26- 



Figure 7B graphically illustrates the drain current 
of the device in Figure 6B poltted on a logarithmic scale 
at drain-source voltages of v D£J = 50 mV and V DS - 5V. 

Figure 8A graphically illustrates the drain current 
5 i as a function of drain-source voltage of the device of 
Figure 6A at gate voltages of V QS = 0, 1, 2, 3, 4 and 5 
volts. 

Figure 8B graphically illustrates the drain current 
I D as a function of drain-source voltage of the device of 
10 Figure 6B at gate voltages of V QS = 0, 1, 2, 3, 4 and 5 
volts. 

For the CEL approach, a further embodiment involves 
remounting of the released circuits on glass plates. The 
application method insures uniform intimate contact 
15 between the thin-film semiconductor and the adhesive, yet 
must not crack or introduce other defects in the thin 
films. 

Methods involve the application of Apiezon W wax to 
the frontside of the layer to be separated. The stress 
20 in the wax imparts a curvature to the lifting layer 

thereby allowing the etching fluid access to the etching 
front. Access to the etching front is achieved only from 
the outer edge of the total area being lifted off. 

This process is of limited use for applications 
25 involving large area liftoff, however, due to long 

liftoff times that can extend up to hours or days for 
areas larger than 2cmx2cm. Curvature is required to 
increase etchant access to the etching front. However, 
the curvature necessary for liftoff is caused by a low 
30 temperature wax so that no high temperature processing 
can be done while this wax is present. Present samples 
are often cleaved to size, not allowing for substrate 
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reuse* The wax application process is automated and 
patternable to allow for substrate reuse in applications 
where this procedure is preferred. This process is 
useful only for individual small areas that do not 

5 require backside processing. 

Another embodiment of the invention involves using a 
combination of thin or thick film materials with 
different coefficients of expansion to replace the black 
wax in the standard liftoff process. This process is 

10 illustrated in Figures 9A-9C. By using the correct 

temperature the curvature needed for liftoff is achieved 
due to the differential stresses in the layers. A single 
layer can be used if it has the correct expansion 
coefficient with respect to the material being lifted 

15 off. This method allows for support layers that impart 
the correct curvature at the liftoff temperature, lay 
flat at room temperature, and also support the film 
during backside processing. 

This embodiment of the invention will now be 

20 described in connection with structure 200 of Figures 

9A-9C. A substrate 202, which can comprise any suitable 
substrate material upon which epitaxial layers or devices 
can be formed, is provided. A release layer 204 is 
grown, preferably by CVD, on substrate 202. For a 

25 thin-film silicon releasable layer, an Si0 2 layer can be 
used as previously described. 

A semiconductor layer structure 206 is formed on 
release layer 204, also by CVD or other previously 
described methods. Structure 206 preferably comprises 

30 materials arranged for the fabrication of an array of 
transistors in accordance with the invention. 
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bonding pads, as required. 

in a first lift-off embodiment, a coating 208 is 
tben formed on the front side processed structure 206 
- "Igure L, . ^e coating consists of a Ration of 
S LicTor thin film materials with •"f^JT"^ can 
coefficients of expansion. For example, coating 208 can 
comprise a nitride, metal, hi-metal or a glass stressed 
cottlng. Contact metallisation (not shown) can also be 
applied at this time on the contact layer. 
l0 PP The coating layer 208 and structure 206 are then 
patterned using conventional photolithography and the 

pa ne t ... , oa and structure 206 is removed m 
coating material 208 and struc shown in 

dermal stress between the coating materials of coanng 
£ is produced. Next, the temperature is elevated to a 
sufficient degree, causing thermal stress in the coating 
30 08 ^fle al this elevated temperature the structure is 
~ exposed to a release etchant (See Figure 9C) . 



WO 93/15589 



PCT/US93/00614 



-29- 



The release etchant eventually etches the release 
layer 204 sufficiently to allow separated device 
structures 206 supported by the coating 208 to be 
removed. These structures are then brought down to a 

5 lower temperature at which the thermal stress is relieved 
to allow the discrete devices to lay flat for subsequent 
backside processing. 

This process provides a significant advantage over 
the Gmitter et al. black wax process in that it enables 

10 the discrete chips to lay flat for backside processing 

and the support structure is formed of materials, such as 
glass, which are impervious to the backside processing 
temperatures . 

Two different procedures can be used to achieve 

15 wafer scale liftoff. The first method involves the 

etching of the entire substrate on which the film to be 
transferred has been formed. This is termed an "etch 
back" procedure. 

A second method accesses the release layer from the 

20 edge of the wafer or sample only and releases the 

material as one large sheet. This second method is for 
cases which do not require registration between devices 
lifted from the same wafer. If registration is not 
desired, an automated procedure is used for lift-off of 

25 large areas of individual devices or areas of material. 
After frontside processing is completed, UV cured epoxy 
can be cured with the desired pattern, removed where it 
is not wanted, and then used as the mask for etching down 
to the release layer. The UV cured epoxy can then be 

30 left on and can act as support for the lifted films after 
separation. The separate devices would need to be 
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retrieved from the etching solution and processed 
separately using pick and place type methods ^ 

These alternative lift-off processes will now be 
described in connection with Figures 10A-10E. wherein 
described m c £ 9 retain the same reference 

corresponding items m Figure 9 re« 
numeral of Figure 10. As shown in the 

perspective cross-section of Figure IDA, a substrate 202 
Z formed thereon a release layer 204, 

device structure 206, all as described in connection with 
piflure o All front side processing, such as bonding 
L ° P.T and'mefal contacts <not shown) to the structure 206 

are completed. - 

A material which can be transformed from a less 
soluble or less etchable state to a more soluble or more 
L5 etchable state (or vice versa) is formed on the 

f ront-side processed structure 206. For example, a UV 
curable epoxy 230 can be spread over the structure 206. 
This epoxy has the property that exposure to UV light 
causes it to be less soluble. 

A UV light transparent mask release layer 232 of 
material is then formed over the epoxy 230 and a 
patterned opague mask 234 with openings 236 is affixed 

over the layer 232. 4-u A 
The J* 234 is irradiated with OV light, currng the 
25 areas of the epoxy underlying the *asK opening. 236 and 
^ _ s1llhl0 in the uncured state, me 

•mariner them less soiuuxc cnan — 

release layer 232 is removed and the sasK 234 is removed 
*Lt, the Loured epoxy is removed by a solvent, suoh as 
down to the release layer 204 (See Figure 10B) . 

The cured epoxy 230 is left on the structure to 
servers a support £ or the thin film structure 206 after 
separation fro. the release layer 20,. In this eanner. 
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the etching front is increased by dividing up the total 
top surface area of structure 206 into smaller areas by 
cutting channels 240 down to the release area 204, 

A second method for wafer size lift-off relies on 

5 increasing the amount of etching front by dividing up the 
total area to be lifted into smaller areas. Channels are 
cut into the total area of material to be lifted thereby 
exposing the release layer. These channels can 
completely separate the area or can consist of slits 

10 cutting part way into the liftoff area. 

The second method addresses the problem of trying to 
register these small areas of material with respect to 
each other while at the same time allowing the etching 
medium greater access to the exposed release layer. The 

15 ability to do this allows for easy retrieval from the 
solution, wafer scale processing on the backside, and 
short lift-off times due to the smaller areas and maximum 
exposure of the etching front. The key feature of this 
approach is that it allows for registration of the entire 

20 wafer area while still providing the etching solution 
access to all the etching fronts. 

Where registration between devices is required, as 
in an array of transistors, the lift-off method of the 
alternate embodiment of Figures 10C-10E offers many 

25 advantages . 

This alternate process of Figure 10C solves the 
difficult problem of trying to register small device or 
pixel areas of material with respect to each other, while 
at the same time allowing the etching medium access to 

30 the exposed release layer. The ability to do this allows 
for easy retrieval from the solution, wafer scale 
processing on the backside, and short lift-off times due 
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to the smaller areas and maximum etching front. This 
approach also enables registration of devices throughout 
the entire wafer area while still providing the etching 
solution access to all the etching fronts. Figure IOC, 
5 shows a rectangular partial section of a wafer. The 
wafer is formed of a semiconductor substrate 202 upon 
which a release layer 204 is deposited by CVD followed by 
a front processed transistor panel 206 f all as previously 
described above. 
10 Transformable material, such as uncured liquid UV 

epoxy 250 is spread onto the top or front surface of 
structure 206. The point of departure with the previous 
embodiment occurs in the next step, when a perforated 
planar grid 252, made of transparent material such as 
15 plastic, is aligned on top of the epoxy 250. The 

perforations 256 extend orthogonal to, and through, the 
plane of grid 252. 

A photo-mask with opaque circles 256 aligned to 
cover the perforations 256 is then affixed over the grid 
20 252 (Figure 10C) . (An optional UV transparent mask 

release layer (not shown) may be formed between the mask 
258 and grid 252 to facilitate mask removal.) UV light 
is focused onto the mask, curing the underlying epoxy 254 
everywhere except beneath the opaque circles 256, as 
25 shown in Figure 10D wherein the cured sections of epoxy 
250 are shown in shaded section and the uncured sections 
are in blank. The mask 258 is removed. The uncured 
epoxy 250 is removed from the openings 256 by a suitable 
solvent and structure 206 etched away through the 
30 openings down the the release layer 204. The release 
layer is then etched away using the opening 256, as 
provided above. Access for the etchant is thus achieved 
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at many points across the wafer, resulting in an array 
being attached to grid 252 by cured epoxy 254 (See Figure 
10E) . 

Another approach to registration is to form channels 

5 260 directly in the device material by etching down to 
the release layer 204, thereby forming channels in the 
material alone (Figure 11A)". These channels can also be 
made taller by using the UV cured epoxy patterning method 
of Figure 9 and then etching down to the release layer 

10 204, (See Figure 11B) , or any other method that forms 

channels 260, or access streets between the areas 270 to 
be separated, as shown in the plan view of Figure 11C. A 
support 280 can then be attached to the material 270 over 
the channels 260 and then the etchant can be allowed to 

15 run along the channels, thereby giving the etchant access 
to the center of the wafers (Figures 11D-11E) . Taller 
channels can assist in speeding up the capillary action 
to achieve faster release. Other methods can also be 
used to speed along the movement of the etchant up the 

20 channels 260, including vacuum assistance, ultrasonic 
assistance, etc. 

Along the same lines, channels 260 can be made in 
the device material to expose the release layer below. A 
porous material is then spun on/ or otherwise formed or 

25 attached, to the front surface. This material is rigid or 
semi-rigid when cured by UV, heat, or solvent treatment, 
etc., and therefore able to support the lifted film after 
separation from the substrate. The material is 
sufficiently porous to pass the etchant fluid without 

30 being attacked by the etchant. In this way, the etchant 
passes through the porous material and is given access to 
the release layer at its exposed points. 
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I„ another e»bodi»ent, the release layer etchant is 
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areas 206 which expose the release lay 
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, Material. «ter this is done, the overlying support 
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^ 206 by bonding ^^^.^1.1 

covarin, the front surface o£ the wafer and filling the 
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STtbey do not fill in the channels that have been 
TolTand thereby force the etchant out. A suitable 
30 support naterial can conprise glass, plastic or other 
optically transiting substrate. This allows for a 
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solid support medium that does not need etchant access 
holes in it, thus greatly simplifying the process. 

The trapped etchant sufficiently dissolves the 
release layer 204 so that the thin film area 206 can be 
5 removed while being supported and registered by support 
with the backside exposed for further processing, i.e., 
formation of backside conductor metallization and bonding 
pads. 

In addition to the support materials referenced 

10 above, UV release tapes, which are well known in the 

industry for handling small devices, have proven to be an 
excellent support choice for several reasons. These 
tapes have the property that when exposed to intense UV . 
radiation, they lose most of their adhesion. In 

15 addition, moisture does not seem to effect the adhesive, 
and they can be applied with great success, even if 
submerged in liquid. These tapes can be used alone or in 
conjunction with a thicker support. This additional 
support should be formed of material which is transparent 

20 to UV radiation unless it is to be permanent and it 
should not be attacked by the etchant being used. 

The UV release adhesive can be applied directly to 
other support materials, instead of the tape backing 
material. As shown in Figures 12A-12C, support 280, 

25 combined with double-sided UV release tape 282, can be 
used. One side of the tape 282 is adhered to the 
support. Then the other side is adhered to the front of 
the structure 206 after the etchant is applied. The 
etchant is then allowed to undercut the device 206. The 

30 devices are then attached by release tape to the support 
280, as shown in Figure 12 A. The lift-off time is very 
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short because the etchant has access to the release layer 
from many points on the wafer surface. 

In this way, the devices are registered with respect 
to each other and are supported by the support 280 during 
5 backside processing. 

The tape's adhesion can then be released by W 
irradiation through the support (Figures 12B or 12C) and 
the tape can be taken off the carrier 280 with the 
devices still attached. Further UV exposure will 
10 decrease the adhesion of the devices to the tape to a 
sufficient degree to allow the devices to be removed by 
vacuum wand or to be transferred directly from the tape 
to any other tape 284 or epoxy 286 with substrate 288 
(See Figures 12B or 12C) or other medium* Separate areas 
15 as large as 0.5 cm in width have been lifted by this 
non-curvature method. Total wafer size, which can be 
lifted and registered simultaneously, is only limited by 
the wafer size. 

As indicated, an alternative embodiment involves use 
20 of UV-cured adhesive tapes and epoxies. The adhesive can 
be used to bond the thin-film transistors and CMOS 
circuit elements to glass. The adhesive is applied to 
plates that are as large, or larger than; 14"X14". 
Application methods include: spin coating, vapor 
25 coating, spraying, and standard thick film application 
processes to provide the necessary uniformity and optical 
quality . 

Another preferred embodiment includes a method to 
transfer tightly placed devices to positions not so 
30 tightly spaced on the circuit panel. The technique 
illustrated in Figures 13A, B and C uses stretching or 
contracting of a stretchable tape or film until the 
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devices are positioned correctly. This technique can 
also include previously described lift-off procedures and 
mechanical or a combination of stretching and mechanical 
methods. Commercially available devices can be used to 

5 precisely control the stretching of the film. Various 
methods can be used to measure the spacing of devices 
during stretching and transfer to provide proper 
registration of components. 

As illustrated in Figure 13A in connection with 

10 structure 300, an array of transistors or thin-film 
semiconductor regions 304 has been transferred onto a 
stretchable substrate 302. Transistors or regions 304 
have been fabricated and transferred in accordance with 
the procedures set forth above, or using any other 

15 suitable procedure. Substrate 302 can comprise an 
adhesive. 

In a first embodiment the structure is stretched 
along axis 306, as shown, in Figure 13B, thereby 
increasing the distance 308 between devices 304 along 

20 axis 306 while leaving the distance 310 between devices 
in another direction the same. The substrate 3 02 is then 
stretched along axis 314 to produce the array shown in 
Figure 13C where devices 304 have spacing 308 in one 
direction and spacing 312 in an orthogonal direction. 

25 In another embodiment the structures 300 of Figure 

13A is stretched simultaneously in directions 306 and 314 
to provide the array shown in Figure 13 C. 

A mechanical technique is shown in Figures 14A and 
B. One starts with a lifted off array of devices 320 on 

30 a tape. This tape 322 is placed on a frame 324 that 
moves in and out along axis 326 and up and down along 
axis 328. A drum 330 with a flexible tape 334 is placed 
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ar „»„d its circumference. X instrument 340 « then 
pushsd onto the device 334. pushing the frrst row of 
Lvices onto the drum tape 334. The drum top. 334 xs 
indexed in direction 333 et the necessary angle end agam 
, the instrument 3.0 pushes a second row o, devices wrth 

4- a «o -134 This continues until aJ-i 
snacina 338 onto the tape 334, 

S JL are transferred. This first drum tape 34 wrth 
the rows of devices 336 is then put onto frame 334 The 
same operation continues hy transferring rows onto a new 

in drum tape 339. , 

Another embodiment is to stretch the tape m one 
direction, transfer this to another tape and stretch that 
£L in the other direction and transfer the devroes to 
chff inal support. This method is well-suited for small 

15 disconnected devices. devices 
A system for measuring the distance between devices 

304 on a transfer or final substrate is shown 
statically in Figure 15. A laser 350 directs a beam 
352 in the direction of substrate 354 and scans across 
20 the source. Sensors 356 are positioned to ** tect 

transmitted and/or reflected light an generate sxgnals 
where the beam is deflected by a device 304. A 
controller 358 correlates movement of the beam 352 
relative to the substrate 354 so that the distance 
25 between the devices 304 is accurately measured. 

Roller 358 is electrically connected to stretching 
^onanism 360 so that adjustments can be made to the 
spacing of selected rows or columns of devxces. 

Stretching mechanism 360 can consist of a pxston 
30 that is pressed through a collar to which the substrate 

is attached. The movement of the piston face agaxnst 
substrate 354 and through the collar stretches substrate 
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354 in a precisely defined manner to increase the spacing 
between devices 304. 

Alternatively, there are commercially available 
stretching mechanisms like that shown in Figure 15 which 
5 grip the substrate along its periphery and precisely pull 
the substrate in the appropriate direction. 

After stretching the registered devices are 
transferred to glass, polyester or other suitable 
substrate for light valve (LCD) fabrication. 
10 Alternatively, the devices can be mounted onto light 
emitting devices for display fabrication. 

In another preferred embodiment of the present 
invention is a projection monitor which is shown in 
Figure 16. The projection monitor includes a projection 
15 system 500 which produces multi-color images that are 
ultimately directed to an enlarged surface 514 which 
maybe a projection screen, a mirror, or lens. While a 
direct path from the projection system 500 to the surface 
514 is shown in Figure 16, in preferred embodiments the 
20 image output from the projection system is passed through 
an optical geometry before being projected onto the 
surface 574 . Cooling can be provided by a fan or a 
suitable heat sink. 

Within the projector, light from a halogen lamp 502 
25 is directed by a reflector 505 and a condenser lens 503 
to a crossed pair of dichroic mirrors 504. The condenser 
lens 503 is preferrably designed for maximum collection 
efficiency to collect light emitted in the +X direction. 
The spherical reflector 505 collects light emitted in the 
30 -X direction and images the light of the lamp back onto 
itself. 
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White light from the lamp 502 is directed to the 
crossed dichroic mirrors 504 which separate the light 
into red, green and blue primary color portions. The 
separated colors of light are directed by adjacent 
5 mirrors 506 to illuminate the back side 508a of each of 
three liquid crystal light valve matrices 508. In 
accordance with the present invention, each light valve 
matrix 508 comprises an array of transistors, an array of 
electrodes, polarizers, cover glass, and drivers formed 
10 in a thin film of substantially single crystal silicon 
and an adjacent liquid crystal material through which 
light is selectively transmitted to the surf ace 514 
(described in detail below) . - 

Each light valve matrix 508 is controlled by a 
15 driver circuit for modulating the individual light valves 
so that the illuminating light may be selectively 
transmitted through the liquid crystal material to form 
an image in the respective primary color at the front 
side 508b of the matrix. The three primary color images 
20 are then optically combined by a dichroic prism 510 into 
a single multi-color light beam. The light beam is 
projected by a projection lens 512 to the surface 514* 

In another preferred embodiment, the projection 
system employs a single light valve matrix modulated to 
25 produce a monochrome light beam which is projected onto 
the enlarged surface. In yet another preferred 
embodiment, each light value matrix employs a 
ferroelectric material through which light is selectively 
transmitted to a viewing surface for display. 
30 Although a preferred projection system has been 

described with three light valve matrices and a 
particular internal optical geometry, preferred 
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embodiments may include one or more light valve matrices 
configured with various internal optical geometries. For 
example, in one preferred embodiment a high resolution 
composite image can be produced in a projection system 

5 520 having four or more light valves arranged with 

individual optics. Referring to Figure 19 , four light 
valve matrices 521 each provide an NxN pixel array. 
Light from each light source 523 is directed to 
illuminate the back 521a of a respective matrix 521. 

10 Each light valve matrix is controlled by a drive circuit 
(not shown) for modulating the individual light valves 
(or pixels) so that the illuminating light may be 
selectively transmitted through the liquid crystal 
material within the matrix to form an image at the front 

15 side 521b of the matrix. Note that each matrix 521 may 
be capable of producing monochrome or multi-color images. 

Each image, which is preferably compatible with 35 
mm optics, is directed to a respective lens 525. Each 
lens provides a light beam 527 which is projected onto a 

20 portion of the surface 529. As such, each matrix is 

configured to provide an image segment of the composite 
image. Using this configuration, a composite high 
resolution image having a pixel density of Nx4N is 
produced. The composite image may then be displayed onto 

25 a screen or directed through an optical geometry for 
display. 

In another preferred embodiment, a pair of light 
valve matrices are employed with an optical arrangement 
in a projection system to provide high resolution images. 
30 Refering to Figure 20, a pair of light valves matrices 
533 and 535 are positioned in a projection system 531. 
Light from light sources 537 is directed to illuminate 
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the bacK of the respective matrices. Each matrix 533 and 
535 is controlled by a drive circuit (not shown) and may 
produce monochrome or color images. The image formed at 
Le front side of each matrix is directed to a respective 
5 lens system. More specifically, the image produced by 

L matrix 533 is directed by focal lens 53, to a pair of 
Bir rors 541 and 543. The image reflects of f the mirror 
541 as well as another mirror 543 and is projected onto 
the center area 545 of the surface 547. Similarly, the 
U Lge produced by the matrix 535 is directed by lenses 
549 and 550 to the mirrors 552 and 543. However the 
mirror 552 is arranged such that the image 
m irror 552 and mirror 543, is projected onto a large area 
554 of the surface 547. The two images reflecting off of 
15 the mirror 543 combine to produce a high resolution 

center area 545 and a lower resolution periphery 554 on 

the surface 547. . 

An image projector 560 employing the principles of 
the present invention is shown in Figure 21. The 
20 projector employs a zoom or variable focus lens 572 for 
projecting images to a viewing surface (not shown) . By 
replacing the zoom lens 572 with a simple lens, the 
projection system within the projector can be employed in 
the monitor of Figure 17. The projection system of 
25 Figure 21 employs yet another optical configuration for 
directing light. White light from a lamp 562 is 
Tweeted off a mirror 564 and directed to three dichroic 
errors. The separated colors of light are greeted by 
the mirrors to illuminate the bade side of three liquid 
30 crystal light valve matrices 568. Each matrix, 

controlled by a driver circuit (not shown) , selectively 
transmits light to form an image in the respective 
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primary color at the front side of the matrix. The three 
primary color images are directed via dichroic mirrors 
570 to lens 572. The lens combines the images into a 
single multi-color light beam. 

5 Refer ing to Figure 17, the projection monitor 515 

includes an optical arrangement for directing the light 
beam from the projector to a screen 518. To that end, 
the projection system 500 projects a monochrome or 
multi-color light beam to a mirror 516. The mirror is 

10 positioned at angle relative to the projection system 

such that light reflecting off the mirror is collimated. 
The collimated light is directed to the back side of a 
large viewing screen 518. As such, images may be viewed 
at the front side of the screen 518. 

15 Another projection device incorporating the 

principles of the present invention is a projection 
monitor shown in Figure 22. For simplicity of 
illustration purposes, a single light valve matrix and a 
supporting optics geometry is shown; however r preferred 

20 embodiments include plural light valve matrices each 

having a supporting optics geometry. With reference to 
Figure 22 r a light source 578 generates white light which 
is directed by a lens 580 to a mirror 582. The dichroic 
mirror 582 separates the white light into a single 

25 primary color and directs the colored light to the light 
valve matrix 584. The light is selectively transmitted 
through the matrix forming a image which is directed by 
lens 585 to a folded optical arrangement of mirrors. As 
such, the image is directed to a first mirror 58 6 which 

30 in turn directs the image to a second mirror 588. The 
second mirror is positioned such that light reflecting 
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off of it is collimated. The collimated single color 
image is combined with other single color images and the 
resulting collimated image is directed to the back side 
of a large viewing screen 590. As such, high resolution 

5 images may be viewed at the front side of the screen* 
Yet another projection device incorporating the 
principles of the present invention is the stand-alone 
projector 560 shown in Figure 21. As explained 
previously, the projector 560 employs a plurality of 

10 single crystal silicon light valve matrices and an 

optical geometry for producing high resolution color (or 
monochrome) images. The resulting images are directed 
through a zoom or variable focal length projection lens 
572 to form an image beam capable of being front or back 

15 projected onto a viewing surface or screen. As in 
previous embodiments, the projector provides high 
resolution images while being compatible with 35mm 
optics . 

Preferred embodiments of the projection display 
20 devices include a driver circuit for driving one or more 
light valve matrices. Referring to Figure 23, an active 
matrix 600 comprises a plurality of light valves which 
are individually actuated by colocated driver circuitry 
(see Figure IB) . The colocated driver ciruitry is 
25 controlled by supporting driver circuitry which includes 
a video conditioning circuit 602, a system clock 604, an 
optional amplitude to pulse duration (APD) converter 606, 
column drivers 608, and a row drivers 610. 

The video conditioning circuit 602 receives a video 
30 input signal which may be an RGB signal, an NTSC signal 
or other video format signal, or any digital or analog 
signal. The conditioning circuit processes the incoming 
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signal producing separate video output signals (on lines, 
611, 612 and 613) for each primary color and a 
synchronization signal (on line 615) 

for the column and row drivers 608 and 610. The video 

5 output signal on line 611 is a serial data stream wherein 
the amplitude of each signal of the data stream 
determines the intensity of light transmitted through 
each light valve. 

If the APD convertor is not employed, the serial 

10 data stream on line 615 is received by the row drivers 
610. The row drivers 610 send each of the signal data 
streams to the light valves through buses 618. The 
column drivers receive the sync signal on line 615 and, 
responsive to the sync signal, will be sent through buses 

15 619 to turn on individual transistors allowing the 
associated signal of the data stream to charge the 
capacitor in each pixel. The capacitor sustains a 
charge, which is proportioned to the amplitude of the 
associated signal, on the light valve until the next scan 

20 of the array. 

Alternately, the ADP converter may be employed such 
that each signal of the video output data stream is 
converted to a pulse having a pulse width which is 
proportional to the signal's amplitude. In any case, the 

25 driver circuit operates in the same manner as previously 
described. 

Projection display devices of the present invention 
can employ light valve matrices having pixel densities 
which satisfy any of a wide range of the following 
30 existing computer display format requirements: 



WO 93/15589 



PCIYUS93/00614 



-46- 



Application 



Display Format 



(Column x Row) 



1) Common Personal 
Computer 



1024x768 
1280X1024 



2) Workstation 1280x1024 
(Advanced Personal 1580x1280 
Computer) 2048x2048 



3) Other Workstations 
(Non-Standard) 



1152x900 

1280X1024 

1600x1280 



10 Thus, a display monitor employing one or more single 
crystal silicon light valve matrices having any of the 
above-described pixel densities may be provided in 
accordance with the present invention. 

One feature of the present invention is that 

15 projection devices employing single crystal light valve 
matrices provide high resolution images. High resolution 
images are possible because high density light valve 
arrays may be formed in single crystal silicon films. 
Referring to Table 1, the light valve diagonal is shown 

20 for various array sizes and pixel densities. Note that 
the diagonal dimensions followed by an asterisk indicate 
the array is compatible with 35mm optics. 

The use of 35 mm optics is a key feature in 
minimizing the size, weight and cost of the described 

25 optics requiring the light valve image designed dimension 
to be no greater than 42 mm (1.654 inches). Therefore, 
it is desirable to use a light valve imaging technology 
that provides the highest density of information content. 
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It is likely that the light valve technology discussed 
herein is compatible with as-fabricated densities of 2000 
dot s-per- inch. This allows projection of high resolution 
images using compact, low cost and widely available 

5 optical components. The small size of the light valve 
allows the use of small format condenser lens assembly 
dichroic mirrors and prisms and projection lens. 
Subsequently , the package size of the described projector 
and monitor can be maintained at small dimensions and 

10 component weight is similarly minimized. Appropriate 35 
mm format optical components are widely available and can 
be obtained at low cost relative to large and/or custom 
optical components. For projector and monitor 
requirements that cannot be met with a 35 mm compatible 

15 light valve , larger conventional or custom optical 

components may be employed. Due to the minimum size of a 
particular light valve format afforded by the described 
light valve technology, similar cost, size and weight 
advantages are translated to the procurement of custom 

20 optical components. 

As has been described, the light valve technology 
described herein can be used to implement projection 
arrays of 1024x768 through 2048x2048 pixels using 35 mm 
format optical components. This will permit the 

25 execution of high resolution color and monochrome image 
projectors and monitors at relatively compact dimensions 
and low weight. 

One implementation of the monitor is to form a 17.5 
inch x 11.5 inch image suitable for the display of two 

30 side-by-side 8.5 inch x 11 inch pages with additional 
screen room for data window access. The use of the 
described light valve and projection technology would 



WO 93/15589 



PCT/US93/00614 



-48- 



allow the physical format of the monitor to be less than 
22 inches high, less than 20 inches wide, and less than 
10 inches deep. The use of a single 150 to 300 watt 
metal-halogen lamp in this implementation would provide 
5 the rear-proporation screen image at a brightness of 25 
foot-Lamberts or greater. The choice of screen material 
could include a simple diffuser for maximum viewing angle 
or a lenticular configuration for maximum brightness over 
a reduced solid viewing angle. 

10 TABLE 1. DIAGONAL ARRAY DIMENSION - INCHES/ (MM) 

Fabricated dots/inch (DPI) on light valve matrix 



15 



20 



ARRAY 


800 


1000 


1200 


2000 


SIZE 










1024X768 


1.600* 


1.280* 


1.137* 


0.640* 




(40.64) 


(32.51) 


(28.88) 


(16.26) 


1280X1024 


2-049 


1.639* 


1.366* 


0.820* 




(52.04) 


(41.63) 


(34.70) 


(20.82) 


1580X1280 


2.542 


2.033 


1.695 


1.017* 




(64.56) 


(51.65) 


(43.05) 


(25.82) 


2048x2048 


3.620 


2.896 


2.414 


1.448* 




(91.96) 


(73.57) 


(61.32) 


(36.78) 
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Another feature of the present invention is that a 
projection display device employing single crystal 
silicon light valve matrices provides images with high 
brightness. To accomplish this, each single crystal 

5 silicon light valve matrix employed in a projection 
display device has a high optical aperature which is 
defined as the percentage of transparent area to total 
matrix area. Table 2 provides the optical aperature for 
various light valve arrays. It is noted that in general 

10 the minimum acceptable optical aperature for an array is 
40%. As indicated by Table 2, as pixel density 
increases, which increases image resolution, optical 
aperature decreases. However, reducing the switching 
device size and/or the interconnect size for a given 

15 pixel density will increase the optical aperature. 



TABLE 2 . OPTICAL APERTURE COMPUTATIONS 



Transistor length (um) 


3 


3 


3 


3 


Transistor width (um) 


6 


6 


6 


6 


Line width (um) 


2 


4 


6 


8 


lines per inch 


1000 


1000 


1000 


1000 


pixel size (um) 


25.4 


25,4 


25.4 


25.4 


grid shadow (sq. um) 


97.6 


187.2 


268.8 


342.4 


trans, shadow (sq. um) 


18 


18 


18 


18 


pixel area (sq. um) 


645 


645 


645 


645 


Packing Factor (%) 


85 


85 


85 


85 
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OPTICAL APERTURE (%) 



69.8 58.0 47.2 37.5 



Transistor length (urn) 
Transistor width (um) 

5 Line width (vim) 
lines per inch 
pixel size (urn) 
grid shadow (sq. um) 
trans, shadow (sq. um) 

10 pixel area (sq. vim) 
Packing Factor (%) 
OPTICAL APERTURE (%) 



3 


3 


3 


3 


6 


6 


6 


6 


2 


4 


6 


8 


800 


800 


800 


800 


31.8 


31.8 


31.8 


31.8 


123 


238 


345 


444 


18 


18 


18 


18 


1008 


1008 


1008 


1008 


85 


85 


85 


85 


73.1 


73.1 


73.1 


73.1 



20 



Transistor length (um) 


3 


3 


3 


3 


Transistor width (um) 


6 


6 


6 


6 
8 


Line width (um) 


2 


4 


6 


lines per inch 


1200 


1200 


1200 


1200 


pixel size (um) 


21.2 


21.2 


21.2 


21.2 


grid shadow (sq. um) 


80.7 


153.3 


218.0 


247.7 


trans, shadow (sq. um) 


18 


18 


18 


18 


pixel area (sq. um) 


448 


448 


448 


448 


Packing Factor (%) 


85 


85 


85 


85 


OPTICAL APERTURE (%) 


66.3 


52.5 


40.2 


29.5 



25 Transistor length (um) 
Transistor width (um) 
Line width (um) 
lines per inch 
pixel size (um) 



3 


3 


6 


6 


2 


4 


2000 


2000 


12.7 


12.7 



3 


3 


6 


6 


6 


8 


2000 


2000 


12.7 


12.7 
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grid shadow (sq. um) 


46.8 


85.6 


116.4 


139.2 


trans, shadow (sq. um) 


18 


18 


18 


18 


pixel area (sq. um) 


161.3 


161.3 


161.3 


161.3 


Packing Factor (%) 


85 


85 


85 


85 


OPTICAL APERTURE (%) 


50.9 


30.4 


14.2 


2.2 



In another preferred embodiment, a growth and 
transfer process is employed to provide a thin-film of 
single crystal silicon positioned on glass as shown in 
Figures 24A-24D. Referring to Figure 24A, a buffer 
(insulator) layer 528 of silicon is epitaxially grown on 
a silicon substrate 526. A strained GeSi layer 530 is 
epitaxially grown on the buffer layer 528 and an upper 
layer 532 of single crystal silicon is epitaxially grown 
on the GeSi layer. The strained layer 530 should be 
thin, on the order of a few hundred angstroms, to avoid 
misfit defect formation that would thread into the upper 
silicon layer 532. 

Referring to Figure 24B, integrated circuit 
processing techniques, such as any of the techniques 
previously described herein, are employed to form light 
valve matrix circuitry 534 in the single crystal silicon 
layer 532. Next, the processed wafer is mounted with an 
epoxy adhesive to a glass or plastic support 53 6 (Figure 
24C) . The epoxy fills in the voids formed by the 
processing and adheres the front face to the support 536. 
The silicon substrate 526 and buffer layer 528 are etched 
off with the GeSi layer 530 serving as an etch stop layer 
(Figure 24D) . The GeSi layer could then be selectively 
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etched away without effecting the silicon film 532- 

Figs. 25A-25C illustrate another preferred process 
for transferring and adhering circuits of thin films of 
silicon to a glass substrate. The starting structure is 
a silicon wafer 718 upon which an oxide layer 716 and a 
thin film of poly-Si, a-Si or x-Si 714 is formed using 
any of the previously described processes such as ISE or 
CLEFT. A plurality of circuits, such as pixel 
electrodes, TFT 1 s , Si drivers and Si logic circuits, are 
then formed in the thin film. Fig. 25A shows three such 
wafers, A, B, C. In wafer A, logic circuits 740 are 
formed. In wafer B, pixel electrodes 762 and TFT 1 s 751 
are formed. In wafer C, driver circuits 720 are formed. 
A wafer is attached to a super strate transfer body 712, 
such as glass or other transparent insulator, using an 
adhesive 721. Preferably the adhesive is comprised of 
commercially available epoxies. 

The wafer is attached, using the adhesive 721, to a 
glass super strate 712. The sandwich structure can then 
be cured to assure that the bonds are fully matured. 
Without this cure, certain adhesives may not stand up to 
the subsequent etching step. 

The wafer, is then cleaned and the native oxide 718 
is etched off the back surface. The wafer is put into a 
solution (KOH or equivalent) . 
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An observer monitors the process and to stop the etch in 
the buried oxide layer 716 without punching through to 
the thin silicon layer 714 above it. An alternative 
etchant is hydrazine, which has a much higher etch rate 
selectivity or ethylene diamine pyrocatacol (EDP) . 

When the silicon is completely gone, the vigorous 
bubbling, which is characteristic of silicon etching in 
KOH, abruptly stops^ signalling that the etching is 
complete . 

The thin films 714 transferred to the respective 
glass superstrates 712 are now rinsed and dried. if not 
already provided with circuits 740, 751, 762, or 720, the 
films 714 can be backside circuit processed if desired. 

In the aforementioned light valve matrix fabrication 
processes, disclination defects in the liquid crystal 
material may be induced by non-planar circuit topography 
formed in the film resulting in irregular stacking and 
subsequent image aberration. Planarized circuitry would 
eliminate the disclination problem. An option is to use 
the oxide layer after transfer of the film to the 



WO 93/15589 



PCT/US93/00614 



-54- 



10 



optically transmissive substrate to provide a planar 
surface. The oxide layer is planar or substantially 
planar (i.e. uniformities of £1 micron across its 
surface) such that an even topography is provided. Then 
any necessary shielding or pixel circuitry can be formed 
to produce a planarized circuit substantially free of 
disclination. 

In the aforementioned embodiments, it is noted that 
light valve matrices having a diagonal of 1-2 inches do 
not require spacers in the liquid crystal volume (see 
Figure 1A) . Since spacers are non-transmissive elements, 
eliminating them from the volume results in an improved 
optical aperture and thus increased brightness for the 
matrix. Also prevents optical aberation caused by 
15 spacers at small pixel geometries. 

Due to the higher intensities of light used in 
projection systems that are necessary to provide the 
desired brightness, the sensitivity of the single crystal 
pixel transistors to the light source can impair 
20 performance. The light source can be a halogen lamp that 
produces between 100 and 1000 watts and preferably 
operates in the range of 150-300 watts, other lights 
such as discrete lasers (RGB) , cathodoluminescent light 
sources, and arc-lamps producing similar levels of power 
25 per unit area can also be used. It is therefore 

desireable to reduce the sensitivity of the active matrix 
to the light source . This is accomplished by shielding 
one or both sides of each transistor in the array with a 
light shield that will substantially attenuate the light 
30 directed or scattered toward each transistor. A metal or 
other optically opaque material can be used as a shield. 
When the shield is a metal it can also serve as an 
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interconnect or a gate to the transistor being shielded. 
At normal incidence, a metal shield can completely 
attenuate light from the source at wavelengths at or 
above the silicon bandgap with thicknesses in the range 

5 of 2000-10,000 angstroms. Shielding can also be employed 
around the edge of the active matrix to attenuate or 
block light directed towards the peripheral circuitry. 

In^ Figures 26A-26E a process for fabricating a 
double shielded active matrix array for a projection 

10 system is illustrated. The left figure shows, a 

cross-sectional view of a pixel transistor of each step 
or embodiment. The right side illustration in Figures 
26A-26C and 2 6E show a top view including the transistor 
804, pixel area 811, and interconnect lines 808 and 810. 

15 In Figure 26A there is shown the silicon substrate 800, 
oxide layer 802 , source and drain 804 regions, a channel 
region 805, a second oxide layer 806, and portions of the 
interconnect lines 808 and 810 that serve as the gate and 
source connector for the transistor 804. Figure 26B 

20 shows a third oxide layer 812 and holes 814 formed 

therein to provide a bridge interconnect between portions 
of line 808. In Figure 26C is shown the formation of the 
first metal shield 816 over the oxide 812 and through 
holes 814 to interconnect lines 808. The first shield 

25 816 has a surface area to substantially block normally 

incident light from reaching transistor 804 from one side 
of the circuit panel. The area of shield 816 should be 
minimized to maintain the optical aperture of the array. 
Figure 26D illustrates the use of a body contact 822 

30 fabricated after the transfer of the panel onto glass 
substrate 818 and formation of the second shield 820. 
The fabrication of such a body contact is described more 
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fully below. In Figure 26E there is illustrated the use 
of a portion of the second shield 824 as a second back 
side gate 826. Gate 826 can be used to control the 
opposite side of the channel from the front side gate 
5 region 808. The present transfer process thus provides 
for additional back side processing to provide optical 
interconnects, optical shielding interconnects , and 
double sided gating of each or selected transistors in 
the array. 

10 The light valve image projector and monitor 

configurations can be used for the applications beyond 
image presentation. These include image 
generation/projection for electronic printing and 
photographic image recording. In the former, the light 

15 valve and image projection optics can be used to form an 
image on an electrophotographic media (as in the imaging 
drum of xerographic or laser printer processors) . The 
key advantage is that the entire two-dimensional image 
can be exposed at once. For photographic applications, 

20 the image can be projected onto photographic film or 
paper . 

Color can be implemented in the projector or monitor 
through the use of color filters instead of dichroic 
mirrors. In one implementation, white light from a 

25 single or multiple lamps could be passed through each of 
red r green and blue filter to its incidence onto the 
appropriate color-assigned light valve. Alternatively, 
color filters can be fabricated directly on the light 
valve assembly. This could be done with a single color 

30 filter (e.g., red, green or blue) on a light valve or the 
specific allignment of color filters on the discrete 
elements constituting the light valve. The latter would 
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allow a color image to be obtained using a single light 
valve but forces a factor of 3 or 4 reduction in color 
pixel density as the elements are assigned a red, green, 
or blue filter or a red/ green blue and white filter 

5 respectively. Alternatively, subtractive color filters 
(yellow, cyan and magenta) would be similarly used. 

A key criterion in the projector /monitor design is 
the management of heat generated by the lamp light 
source. A significant portion of this heat is in the 

10 form of infrared (IR) radiation eminating from the lamp. 
Methods of controlling this IR radiation are its 
absorption by an IR filter or its reflection by an IR 
"heat mirror" that allows high transmission of visible 
light to the subsequent optics. Another method is the 

15 use of a dichroic mirror that separates the IR radiation 
from the visible light path and directs the IR to 
directly exit the projector or monitor housing. 

A light valve panel formed by the described 
technology, is compatible with 35 mm format optics. 

20 Therefore, this imaging device can be fabricated such 
that the assembled device has equivalent physical 
dimensions as a standard 35 mm photographic transparency 
whose image is projected via a conventional and generally 
available 35 mm "slide projector". Thus, an embodiment 

25 of the light valve projector is to use a single light 
valve matrix panel with integral drive electronics, as 
described herein, that is packaged to be size equivalent 
with a standard mounted 35 mm transparency and insert 
this modular electronic imaging device into a 35 mm 

30 "slide projector" without modification in order to 

generate the projected image. The light valve imaging 
device is connected by a cable to control electronics as 
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are described herein. In this embodiment, a single Light 
valve panel could generate a monochrome image or a color 
image through the use of applied color filters as 
described elsewhere herein. The light valve panel used 
5 for this embodiment can have the same fabricated 
element/pixel density as described for the other 
embodiments. 

Accordingly, other preferred embodiments of the 
present invention are directed to an active matrix (AM) 
10 slide assembly adapted for use in a conventional 35mm 
slide projector for providing monochrome or multi-color 
images. A conventional slide projector is illustrated in 
Figure 27. The projector 830 produces from slide 
transparencies monochrome or multi-color images 832 that 
15 are projected to an enlarged surface 834 which may be a 
projection screen or any relatively flat surface. 

Within the slide projector 830 , light from a halogen 
lamp 835 is directed by a reflector 836 and an optional 
condenser lens 837 to slide chamber 838. The spherical 
20 reflector 836 collects light emitted in the -X direction 
and images the light of the lamp back onto itself. The 
condenser lens 837 is preferrably designed for maximum 
collection efficiency for collecting light emitted in the 
+X direction. The white light from the lamp 83 6 is 
.25 directed to a slide transparency (not shown) positioned 
in the slide chamber 838. The illuminating light is 
manipulated as it passes through the slide, producing an 
image which is directed to an optical system 840. The 
image is projected by the optical system 840 to the 

30 surface 834 . 

In accordance with the present invention, the active 
matrix slide is adapted to be securely positioned in the 
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slide chamber for selectively transmitting light from the 
lamp to provide monochrome or multi-color images to the 
optical system for projection onto a viewing surface. A 
preferred embodiment of an active matrix slide is 

5 illustrated in Figure 28. The basic components of the AM 
slide include a first polarizing filter 842 , a glass 
substrate 844, a transparent and conductive ITO coating 
846, an epoxy adhesive 847, an active matrix circuit 
panel 848, a second transparent and conductive ITO 

10 coating 854, a glass superstrate 856 and a second 

polarizing filter 858. These components are arranged in 
a layered structure and secured in a slide housing (shown 
in Figure 29A) dimensioned to fit securely in a 35mm 
slide projector chamber. It is noted that the side walls 

15 of the housing, the ITO coatings and the superstrate 
provide electrical shielding for the active matrix 
circuitry. A liquid crystal material (not shown) is 
placed in a volume 855 between the circuit panel 848 and 
the glass superstrate 856. 

20 An important feature of the active matrix slide of 

the present invention is that it is compatible with 
existing slide projectors. Referring to Figure 27, the 
slide chamber 838 of an existing projector 830 is 
dimensional to accept a standard 2x2 inch slide having 

25 a thickness of up to 3/8ths of an inch. Since a standard 
35mm slide usually has a significantly smaller thickness, 
a spring-loaded slide holder 839 is provided to secure 
the slide in the chamber. In accordance with the present 
invention, an active matrix slide has a 2 x 2 inch face 

30 with a thickness of less than about 3/8ths of an inch 
such that it can be securely positioned in a slide 
chamber without modification thereto. 
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As explained previously with respect to other 
embodiments, the active matrix circuit panel 848 has an 
array of pixels or light valves 850 which are 
individually actuated by a drive circuit. The drive 
5 circuit includes first 18 and second 20 circuit 

components that are positioned adjacent the array and 
electrically connected to the light valves for modulating 
the individual light valves so that the illuminating 
light may be selectively transmitted through the liquid 
10 crystal material to form a monochrome or multi-color 
image . 

As noted above, the active matrix circuitry can be 
adapted to provide color images through the use of color 
filters, in one embodiment, while light from the 
15 projector light source can be passed through each of a 

stacked arrangement of red, green and blue filters to the 
appropriate color assigned light value. Alternatively, a 
color filter can be fabricated directly onto each light 
valve and the light valves are arranged by filter color 
20 to provide uniform color images. For example, pixels can 
be arranged in a triad arrangement where three color 
filters are employed or the pixels can be arranged in a 
quad arrangement where four filters are employed. 

In preferred embodiments, the active matrix circuit 
25 panel circuitry is formed in or on a layer of a 

semiconductor material such as silicon. It is noted that 
any number of fabrication techniques can be employed to 
provide preferred thin-films of polysilicon or single 
crystal silicon. In embodiments in which the active 
30 matrix is formed in a thin-film of single crystal 

silicon, any of the previously mentioned pixel densities 
can be provided such that high resolution images are 
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produced. Other preferred embodiments employ the use of 
a solid state material or any material whose optical 
transmission properties can be altered by the application 
of an electric field can be used to supply the light 
5 valves for the AM slide of the present invention. 

The drive circuit that can be used to control the 
pixels is illustrated in Figure IB- Circuit 18 receives 
an incoming signal and sends a signal to the pixels 
through buses 13. Circuit 20 will scan through buses 19 
10 to turn on the individual transistors 2 3 which charges 
capacitor 26 in each pixel. The capacitor 2 6 sustains 
the charge on each pixel electrode and the liquid crystal 
21 until the next scan of the array- The various 
embodiments of the invention may, or may not, utilize 
15 capacitors with each pixel depending upon the type of 
slide desired, 

A preferred embodiment of an active matrix slide 
assembly for use with a slide projector is illustrated in 
Figures 29A-29B. Referring to Figure 29B, the slide 
20 assembly 860 includes a housing 862 and an active matrix 
slide 864- The housing 862 is positioned on the slide 
projector 830 so that the slide assembly 860 is securely 
disposed in the slide chamber 838. Referring to Figure 
29A, the slide is rotatably mounted to the housing 862 by 
25 an arm 867. As such, the slide has a storage position 

(dashed lines) and an operating position. When the slide 
is rotated into the operating position, the sliding 
shielded cover 870 is moved into a closed position (as 
shown) for sealing the housing. 
30 The housing preferably contains a shielded 

electronics assembly 8 65 which is electrically connected 
to the slide by a cable 863. The electronics assembly 
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865 has an input cable (or connector) 866 for connecting 
to an image generation device 868 which may be a computer 
or any video device. Image data provided by the device 
868 is processed by the electronics 865 and sent to the 

5 drive circuitry of the AM slide 864. Responsive to the 
received data, the drive circuitry modulates the 
individual active matrix light valves such that the 
illuminating light from the light source 835 is 
selectively transmitted through the slide to form 

10 monochrome or multi-color images. 

Another preferred embodiment of an active matrix 
slide assembly is illustrated in Figure 30. The slide 
assembly 872 includes an electronics housing 874 and an 
active matrix slide 876 translatably mounted to the 

15 housing by a spring-loaded arm 877. As such, the slide 
has a storage position (dashed lines) in the housing and 
an operating position located along a vertical axis 878. 
The slide 876 is moved into the operating position such 
that it can be positioned in the chamber of a slide 

20 projector (not shown) . With the slide in the operating 
position, the shielded cover 879 is moved along an axis 
orthogonal to the vertical axis 878 into a closed 
position (as shown) for sealing the housing. 
Alternatively, a cover can be attached to arm 877 such 

25 that when the slide is moved to the operating position, 
the opening in the housing 874, through which the slide 
876 is moved, is sealed by the cover. In another 
embodiment, the slide 876 is mounted on a track on the 
internal walls of housing 874 and is moved into the 

30 operating position by sliding along the track. 

In another preferred embodiment shown in Figure 31, 
an active matrix slide assembly 880 includes an AM slide 
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882 and a remote electronics housing 884. The slide 882 
is dimensioned to be securely positioned in the chamber 
838 of the slide projector 830. The slide 882 is 
electrically connected to electronics in the remote 

5 housing 884 by a cable 885. 

As noted previously, preferred embodiments of the 
active matrix slide assembly (Figures 29A, 30 and 31) 
include a driver circuit for selectively actuating the 
active matrix light valves. Referring to Figure 32, the 

10 active matrix 886 comprises a plurality of light valves 
which are individually actuated by colocated driver 
circuitry (see Figure IB) . The colocated driver ciruitry 
is controlled by supporting driver circuitry which 
includes a signal processing circuit 888, a system clock 

15 890, a power conditioning circuit 891, column drivers 18, 
and row drivers 20. 

The signal processing circuit 888 receives via the 
cable 892 an input signal which may be an RGB signal, an 
NTSC signal or other video format signal, or any digital 

20 or analog signal. The signal processing circuit 

processes the incoming signal and (for a multi-color 
active matrix) produces separate video output signals for 
each primary color and synchronization signals for the 
column and row drivers. These signals are provided to 

25 the column driver (via bus 893) and row driver (via bus 
894). The video output signal on line 895 is a serial 
data stream wherein the amplitude of each signal of the 
data stream determines the intensity of light transmitted 
through each light valve. Alternatively, the video 

30 output signal may be a digitally formatted data stream 
indicative of the light intensity. 
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The serial data stream on line 895 is received by 
the row drivers 18. The row drivers send each of the 
signal data streams to the light valves through buses 
896. The column drivers 20, responsive to the sync 
signal, send a signal through buses 897 to turn on 
individual transistors allowing the associated signal of 
the data stream to charge the capacitor in each pixel. 
The capacitor sustains a charge, which is proportioned to 
the amplitude of the associated signal, on the light 
valve until the next scan of the array. 

In another preferred embodiment shown in Figure 33, 
an active matrix slide assembly 900 includes an AM slide 
902 and a remote electronics housing 904. The slide 902 
is dimensioned to be positioned in the chamber 838 of a 
15 35mm slide projector 830. In contrast to previously- 
described embodiments, the slide 902 is not physically 
connected to the electronics housing 904. Instead, the 
slide and the electronics in the housing communicate with 
each other via antennas elements 905 and 906 
respectively. In preferred embodiments, the antennas can 
be a pair of RF antennas or an infrared transmitter 
element such as an infrared LED paired with an infrared 
receiver element which can be a photodiode elements. The 
antenna 905 can be integrated into a handle (not shown) 
25 to provide for manual insertion and removal from chamber 

838. 

Driver circuitry for the active matrix slide 
assembly of Figure 33 is illustrated in Figures 34A-34B. 
Referring to Figure 34A, the driver circuitry includes 
30 the signal processing circuit 888, the system clock 890, 
the power conditioning circuit 891, column drivers 18, 



20 
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row drivers 20 , a photovoltaic power source 908, a 
battery 910, an RF receiver 912 and an demultiplexer 914. 
The RF receiver 912 receives a stream of RF signals from 
the antenna 911. A demultiplexer 914 formats the RF 

5 signal stream such that it is can be processed by the 
previously-described signal processing circuit 888. 
The battery 910 and the photovoltaic power source 908, 
either individually or together, provide power to support 
the operations of the active matrix slide circuitry. The 

10 photovoltaic power source 908 can use slide projector 

light source energy to provide power to the active matrix 
slide and is therefore mounted onto the slide outer 
surface facing the light source (shown in Figure 33) . 
Referring to Figure 34B, the driver circuitry 

15 includes the signal processing circuit 888, the system 
clock 890, the power conditioning circuit 891, column 
drivers 18, row drivers 20, a photovoltaic power source 
908, a battery 910 and an infrared detector photodiode 
913. The photodiode 913 receives infrared signals from 

20 the electronics (not shown) which are processed by the 
signal processing circuit 888. 

In another preferred embodiment shown in Figure 35, 
an active matrix slide assembly 92 0 includes an AM slide 
922 and an adapter unit 924. The slide 922 is 

25 dimensioned to be securely positioned in the chamber 838 
for receiving light generated by the light source 835. A 
photovoltaic power source 908 is located on the slide 838 
facing the light source 835 to provide power to the 
active matrix. The slide projector includes a plug 926 

30 which is typically plugged into an electrical outlet (not 
shown) to receive electrical energy to power the 
projector light source 835. However, in this embodiment, 
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. . - M 926 is plugged into the adapter unit 924 to 
electrical energy vie the input pomer l»e 

ineeein, electrical energy -received en U» «• 
.lectric.1 eneroy with encoded image s>gnals » Jd*rec«a 

„ ^eTight source S3 5 converts .one of the recerved 
ethical energy into light which in directed to the 
acrlTe matrix elide. As such, the encoded ..age srgnals 
^transmitted to the slide hy the light source. A 
Victor 9»is positioned on the slide for reo.rv.ng the 

" en °Ts no^eviously. an active matrix slide can he 
f ahrica«d which has eguivalent disensions as a s«ndard 
35 - slide. This can he accomplished hecause the 
nreriously descrihed fabrication processes can produce a 

I0 ^/of small active matrix circuit^ 

rr. zsrsjzrj^ - - . 

7roTthe ^.fer using any of the aforementioned processing 

techniques. . , - ~ 

The present invention provides a method of 

.. .„,,.. fin*^i na-bodv semiconductor MOSFET in wnicn 

"i KinX ^d hiolar- effects are greatly r^ced. 
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MOSFETs where they result a_v,>-™irTV. 
30 degradation of device performance. The vehicle through 

*- in ma rf P is the intentional 
which the improvement xs made xs th ^ 

formation of recombinatxon centers xn the £o 
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adjacent to the source/body (emitter /base) junction of 
the device. These recombination centers reduce the 
charge build-up which results from impact ionization by 
facilitating the recombination of electrons and holes, 

5 and in effect discharging any charge build-up in the body 
of the device. 

These parasitic effects are important only for 
n-channel devices due to the ionization rate for holes 
which is one-to-two orders of magnitude smaller than the 

10 one for electrons. In the present invention , a method of 
fabricating a floating-body semiconductor MOSFET device 
involves providing a semiconductor material and 
fabricating a source region of a first conductivity type 
(typically n-type) in the semiconductor material. A 

15 channel region of a second conductivity type is also 
fabricated in the material adjacent the source region 
such that a p-n junction is formed between the source 
region and the channel region. An implantation procedure 
is then performed in which material is implanted near the 

20 conductivity (p-n) junction which causes the formation of 
a relatively high concentration of recombination centers 
where electrons and holes can recombine. Following the 
implantation, the semiconductor material is annealed in a 
relatively low temperature process performed in the range 

25 of 400°-600°C and preferably at about 4 50°C. . 

The creation of the recombination centers can be 
accomplished in the present invention using one of 
several implantation procedures. In a first embodiment, 
material is implanted which creates electron traps. 

30 These electron traps are at known energy levels within 
the bandgap of the material. A particularly good 
material for creating these electron traps is sulfur. In 
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a second embodiment, material is implanted to create in 
the vicinity of the p-n junction defects in the 
crystalline structure of the semiconductor material. 
Good materials for this type of implantation include 
silicon or germanium. The implantation of these 
materials creates the desired defects in the 
semiconductor material. 

Both of the above embodiments of the present 
invention achieve a similar result in that they allow the 
discharge of built-up of holes in the channel region. 
The present invention is particularly oriented toward 
floating-body devices, and in particular n-channel 
MOSFETs . The resulting transistor structures have an 
improved current voltage characteristic, and the 
15 disadvantages associated with the kink and bipolar 
parasitic effects are greatly alleviated. 

The present invention is particularly useful in the 
use of arrays of transistors used for active matrix drive 
circuits for display panels such as those described 
20 above . 

Figure 37 is a plot of the output characteristics of 
a floating-body SOI MOSFET device which demonstrate a 
kink effect at '"kinks" 1010. The curves represent the 
drain current I D as a function of drain voltage V D at 
25 different gate voltages (V G = 0, 1, 2, . . . 7 volts). 
The device width to length ratio is W/L = 20 M /10 M . 

As the body of a MOSFET becomes positively-biased, 
the source-body junction (emitter-base) becomes 
forward-biased, and electrons are injected from the 
30 source into the body region. Those injected electrons 
reaching the drain (collector) depletion region add to 
the drain current. Thus, control of the current through 
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the device using the MOS gate is lost. This effect is 
referred to as the parasitic bipolar effect. 

The present invention reduces the parasitic voltage 
potential build-up in the body region of an n-channel, 

5 floating-body transistor device. A fabrication method is 
used which includes an implantation step that creates 
recombination centers in the vicinity of the source-body 
junction. A preferred embodiment employs implantation 
during the latter stages of the device fabrication 

10 process, and the implanted species is activated with a 

low temperature anneal. The source-body junction is then 
"leaky" due to the presence of the recombination centers, 
and thus creates a path by which to evacuate the excess 
holes created during impact ionization without adversely 

15 effecting the leakage current of the MOSFET. 

Figures 38A-38C illustrate the process flow steps 
for making a preferred embodiment of a floating-body, 
n-channel MOSFET structure in the latter stages of 
fabrication. In this preferred embodiment, the 

20 fabrication process used is a mesa isolation type process 
as is described in U.S. Patent No. 4,922,315, the 
contents of which is incorporated herein by reference. 
Briefly, the steps of this process leading up to 
structure shown in Figure 38A are as follows: 1) active 

25 area definition (mesa); 2) threshold voltage (V t ) 

adjustment (n- and p-channel) ; 3) gate oxidation; 4) gate 
definition; 5) source and drain implantation; 6) dopant 
activation; 7) passivation oxide deposition. 

The structure of Figure 38A illustrates a MOSFET 

30 structure resulting from a mesa isolation type 

fabrication process as referenced above. P-type doping 
in the body 1020 of the silicon material provides the 
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channel region 1022 between source 1024 and drain 1026 
(both n-type doped regions) . Silicon body 1020 resides 
on an insulating substrate 1018 such as silicon dioxide 
(SiO ) . On the silicon body 1020, gate oxide 1028 is 
5 grow£ atop the channel region 1022. Above the gate oxide 
1028 is gate 1030. A passivation oxide 1032 covers the 

entire device. 

In a conventional mesa isolation fabrication 
process, the last two steps after the passivation oxide 
10 would be to open the contacts and metallized for making 
the interconnections. However, in the present invention 
the following steps are first performed on the structure 
of Figure 38A. First, a photolithography step is used 
to expose a portion of the source area 1024. A 
15 photoresist material 1034 is applied to the structure 
shown in Figure 38A, and a mask is applied except above 
the source region. After the photoresist 1034 is etched 
away from above the source region, an oxide etch is used 
to strip the passivation oxide off the source area 1024. 
20 This reveals the source area as shown in Figure 38B. 

Once the source area 1024 is revealed, implantation 
is performed to create the desired recombination centers. 
The arrows 1036 shown in Figure 38B indicate the desired 
implantation direction. The implantation procedure of 
25 the present invention falls into one of two embodiments, 
A first embodiment of the implantation introduces 
deep-levels into the body of the device near the 
source-body junction. A second embodiment uses 
implantation to create crystalline defects in the 
30 semiconductor material* 

In the first embodiment, deep level defects are 
produced by implanting an impurity such as sulfur. 
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Sulfur is preferred because it introduces three electron 
traps with energies in the bandgap of 0.52 eV, 0.37 eV 
and 0.18 eV from the conduction band edge. In the 

present embodiment the sulfur implantation conditions are 

s 11 —2 

5 preferably about 130 Kev/5xl0 cm . The implanted 

sulfur is then activated and diffused by a low 

temperature treatment similar to a post-metallization 

anneal. The annealing time is chosen to diffuse the 

impurities into the metallurgical p-n junction. The 

10 preferred anneal conditions include use of a nitrogen 

atmosphere at or below 600°C for one hour. The diffusion 
is carefully controlled in order to confine the sulfur to 
the region of the source-body junction. In particular, 
the sulfur should be kept away from the drain-body 

15 junction to avoid an increase in leakage current. 

The implantation procedure of a second embodiment 
uses the implantation to induce crystalline defects into 
the region of the source-body junction. Some of the 
preferred materials for this type of implantation are 

20 silicon (Si) and germanium (Ge) . Using ion bombardment, 
structural disorder is created in the silicon lattice. 
The energy used in the Si implantation is such that the 
defects are located in the body side (low doped material) 
near the source-body junction. The resulting crystalline 

25 defects consist mainly of loops. The imperfections in 
the crystal provide pathways for electron/hole 
recombination . 

In each of the implantation embodiments above, the 
function of the implantation is to create local 

30 recombination centers in the vicinity of the source-body 
junction. The implantation is performed just prior to 
the metallization step of the MOSFET fabrication (after 
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step seven of the fabrication steps listed ^ove). 
Performing the steps of the present invention at this 
"ageTf L fabrication procedure is possible since only 
a low temperature anneal, which is defined for the 
purposes of this application as being in a range below 
; 0 0°C is required to activate the implanted species. 
Once the implantation and annealing is complete the 
remaining steps of the fabrication are completed. The 
source, drain and gate regions of the device are exposed 
and the metallization procedure is performed to affix 
»etal contacts to each of these regions. Any necessary 
interconnections are then made to finalize 
As an alternative, the low temperature anneal to activate 
the implanted species may be implemented after the 
remaining processing steps are complete. 

The floating body device of Figure 38C has a much 
improved voltage characteristic due to the implantation 
procedure of the present invention. Both of the 
implantation embodiments discussed above produce similar 
results, and significantly reduce the « k in3c« effect and 
the "bipolar" effect found in conventional floating body 



20 

MOSFETS. , . ^ . 

Figure 38D illustrates another preferred embodiment 

of the invention where the source 1034 and drain 1032 
25 regions extend down to the buried interface with the 

^Lator. The annealing time is chosen to diffuse the 
Impurities into the metallurgical p-n junction. Thus rue 
recombination centers 1036 generated by the implantation 
can extend throughout the source region 1034 and into the 
30 channel region 1037 and partially underlies the gate 
1038. 
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Figures 39A and 39B shows the measured output 
characteristics of two n-channel MOSFETs without body 
ties (i.e. without a floating body) fabricated in SOI 
material. Curve 1039 (dashed lines) is the voltage 

5 characteristic of a MOSFET which did not receive a sulfur 
implant through the source region. Curve 1041 (solid 
lines) is the voltage characteristic of a MOSFET which 
did receive a sulfur implant according to the present 
invention. As shown, kinks are greatly reduced in the 

10 sulfur-implanted device. Also plotted in Figure 39A are 
the measured results of drain conductance g D measured for 
each of the tested MOSFETs. Drain conductance is 
expressed mathematically by the following equation: 

15 where V G (gate voltage) is constant, I D is the drain 
current, and V D is the drain voltage. The drain 
conductance shows a peak on the occurance of a kink. 
Curve 1060 (dashed lines) of Figure 39A is the measured 
drain conductance for the MOSFET having no sulfur 

20 implantation. The peak height of the drain conductance 
for the sulfur implanted device shown by the solid lines 
1062 illustrates a substantial reduction in the kink. 
Curve 1046 of Figure 3 9B shows the voltage characteristic 
of a device implanted with silicon through the source 

25 area at a dose of 4 x 10 cm at 200 KeV and annealed in 
nitrogen at 700C. A comparison with the curve of Figure 
37, which was measured on an identically processed wafer 
without the silicon implantation, shows a substantial 
reduction in the kink effect due to implantation. 
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Figure 40A illustrates the use of the implanted 
transistor device that is part of a matrix of pixel 
control circuits in a display panel. The transistors of 
the array can be made in accordance with the process 
described in Figure 38 and than attached to a glass 
substrate 1046 using an epoxy 1044 or other bonding 
agent. The display panels can be fabricated in a manner 
set forth above with reference to Figures 3. The source 
1030. drain 1052, and gate contacts 1054 are connected to 
drive circuitry for the panel by conventional means vxa 
metalization 1058. A P + region 1048 can be formed xn the 
channel region 1056. oxide layers 1040 and 1042 are used 
to isolate adjacent pixel components, passxvate the 
active components and separate them from the liquid 
crystal or light emitting material positioned ad 3 acent 
thereto as described above. The processes described xn 
Figures 38A-38D can be used to generate implanted regxons 
in the device of Figure 40A to reduce parasitic effects 
in display panel circuits both in the pixel circuitry and 
in the drive circuitry. 

in Figure 40B an alternative method is used to 
address the same problem. The oxide layer 1040 can be 
patterned to expose the channel region and a metal 1055 
such as aluminum can be deposited and patterned to 
> contact the channel region. As shown in Figure 40B, the 
metal 1055 covers the source 1050 and channel 1056 
regions. This layer 1055 can be extended to cover the 
entire device and is used as a light shield for the 
device. The metal 1055 serves or provide means to 
,0 electrically connect the source and the body to eliminate 
parasitic effects without the implantation step. The 
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layer 1055 further serves to substantially reduce the 
photogenerated leakage current. 

Those skilled in the art will recognize that certain 
structural considerations in the fabrication procedure 

5 affect the extent to which a device is affected by the 
body potential build-up. For example, the amount of 
current generated by the bipolar effect depends upon 
several physical and electrical characteristics of the 
MOS device* The effective base width of the device is a 

10 function of the gate voltage, drain voltage and doping 
concentration while the current amplification factor 
(beta) is a function of the same parameters as well as 
the carrier lifetime. It will also be recognized that 
the bipolar and kink parasitic effects appear mainly in 

15 n-channel MOSFETs, and not p-channel devices. This is 

because the impact ionization coefficient of holes is two 
orders of magnitude lower than the coefficient for 
electrons at room temperature. 

Those skilled in the art will also recognize that 

20 n-channel MOSFETs without body ties, fabricated in SOS 

and early SOI materials seldom suffered from the kink and 

bipolar effects. This is due to the short carrier 

lifetime inherent in these materials. In recent material 

TM 

produced by isolated silicon epitaxy (ISE ) techniques 
25 with carrier lifetimes in the 100 microsecond range, 
kinks and the the bipolar effect are a serious concern 
for devices without body ties. It will also be noted 
that in bulk technology, the body of the MOSFETs is 
always tied to the source. 
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Eauivalents 

i^Tthis invention has been particularly shown and 
described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the 
art that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention as defined by the appended claims. 
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CLAIMS 



1. A slide assembly for a display adapted for use with 
a slide projector having a projector body, a light 
source, an optical system and a chamber in which an 

5 image can be placed for projection onto an external 

viewing surface, the slide assembly comprising: 

a housing adapted to be positioned relative to 
the slide projector body; 

an active matrix slide movably mounted to the 

10 housing and having a storage position and an 

operating position, the slide being movable into the 
operating position such that the slide is positioned 
in the chamber for selectively transmitting light 
from the light source to the optical system for 

15 projection onto the external viewing surface. 

2. The slide assembly of Claim 1 wherein the housing 
comprises an electronics unit for actuating the 
slide, the actuated slide selectively transmitting 
light to provide images • 

20 3\ The slide assembly of Claim 2 wherein the 

electronics unit is adapted to receive computer 
data, the electronics unit responsive to the 
computer data actuating the slide, the actuated 
slide selectively transmitting light to provide 

25 computer-based images. 
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10 6. 



15 



20 



The slide assembly of Claim 2 wherein the 
electronics unit is adapted to receive video 
signals, the electronics unit responsive to the 
video signals actuating the slide, the actuated 
slide selectively transmitting received light to 
produce video-based images. 

The slide assembly of Claim 1 wherein the active 
matrix slide is adapted to produce multi-color 
images. 

The slide assembly of Claim 1 wherein the active 
matrix slide comprises a light valve matrix secured 
between a pair of optically transmissive layers. 

7. The slide assembly of Claim 6 wherein the light 
valve matrix is secured to at least one of said 
optically transmissive layers with an adhesive. 

8 The slide assembly of Claim 1 wherein the active 
matrix slide comprises a light valve matrix which 
comprises an array of transistors being formed in a 
semiconductor material, an array of electrodes with 
each electrode being electrically connected to at 
least one transistor and a light transmitting 
material through which received light from the light 
source is selectively transmitted. 



9. 

25 



The slide assembly of Claim 8 wherein the light 
transmitting material comprises liquid crystal. 
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10 • The slide asseiably of Claim 8 wherein each light 
valve comprises at least one transistor, an 
electrode and the light transmitting material. 

11. The slide assembly of Claim 8 wherein the active 
5 matrix slide further comprises a driver circuit 

electrically connected: to the light valve matrix for 
actuating the light valves. 

12. The slide assembly of Claim 8 wherein the 
semiconductor material comprises single crystal 

10 silicon. 

13. A slide assembly for light display adapted for use 
with a slide projector having a projector body, a 
light source, an optical system and a chamber in 
which an image can be placed for projection onto an 

15 external viewing surface, the slide assembly 

comprising: 

an electronics unit; and 

an active matrix slide electrically connected 
to and actuated by the electronics unit, the slide 
20 being adapted to be positioned in the chamber for 

selectively transmitting light from the light source 
to provide images to the optical system for 
projection onto the external viewing surface. 
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14. 



15. 



The slide assembly of Claim 13 wherein the 
electronics unit is adapted to receive computer 
data, the electronics unit responsive to the 
computer data actuating the slide, the actuated 
slide selectively transmitting light to provide 
computer-based images. 

The slide assembly of Claim 13 wherein the 
electronics unit is adapted to receive video 
signals, the electronics unit responsive to the 
video signals actuating the slide, the actuated 
slide selectively transmitting received light to 
provide video-based images. 

The slide assembly of Claim 13 wherein the active 
matrix slide is adapted to provide multi-color 
15 images . 



16. 



17. 



20 



18. 

25 



The slide assembly of Claim 13 wherein the active 
matrix slide comprises a light valve matrix which 
comprises an array of transistors being formed ina 
semiconductor material, an array of electrodes with 
each electrode being electrically connected to at 
least one transistor and a light transmitting ^ 
material through which received light from the light 
source is selectively transmitted. 

The slide assembly of Claim 17 wherein the light 
transmitting material comprises liquid crystal. 
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19 . The slide assembly of Claim 17 wherein the active 
matrix slide further comprises a driver circuit 
electrically connected to the light valve matrix for 
actuating the light valves, 

5 20. The slide assembly of Claim 19 wherein the 

semiconductor material comprises a thin film of 
single crystal silicon material. 

21. A slide assembly adapted for use with a slide 
projector having a projector body, a light source, 

10 an optical system and a chamber in which an image 

can be placed for projection onto an external 
viewing surface, the slide assembly comprising: 

an electronics unit spaced from the projector 
body; and 

15 an active matrix slide adapted to be positioned 

in the chamber, the slide being in signal 
communication with and actuated by the electronics 
unit, the actuated slide selectively transmitting 
light images from the light source to provide images 

20 to the optical system for projection onto the 

external viewing surface. 

22. The slide assembly of Claim 21 wherein the 
electronics unit and the slide each comprise an 
antenna for participation in signal communications. 



25 23. The slide assembly of Claim 22 wherein the each 
antenna transmits and receives RF signals. 
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24. The slide ass emb ly of Claim 22 wherein the each 
antenna transmits and receives infrared signals. 

25. The slide assembly of Claim 21 wherein the 
electronics unit comprises a transmitter and the 

5 slide comprises a receiver for participation in 

signal communications.. 

26. The slide assembly of Claim 21 wherein the active 
matrix slide comprises a light valve matrix which 
comprises an array of transistors being formed in a 

10 semiconductor material, an array of electrodes with 

each electrode being electrically connected to at 
least one transistor and a light transmitting 
material through which received light from the light 
source is selectively transmitted. 

15 27. The slide assembly of Claim 26 wherein the active 
matrix slide further comprises a driver circuit 
electrically connected to the light valve matrix for 
actuating the light valves. , 

28. The slide assembly of Claim 26 wherein the 

20 semiconductor material comprises a thin film of 

single crystal silicon material. 

29. A method of fabricating a slide assembly for use 
with a slide projector having a projector body, a 
light source, an optical system and a chamber in 

25 which an image can be placed for projection onto an 

external viewing surface, the method comprising: 
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f orming a housing adapted to be positioned in 
the chamber of a slide projector, the housing being 
dimensioned to be rigidly disposed within the 
chamber between the light source and the optical 

5 system ; and 

positioning an active matrix slide within the 
housing such that the slide is exposed to the light 
source, the slide comprising an array of transistors 
and an array of electrodes and a light transmitting 

10 material through which light from the light source 

can be selectively transmitted to form a light valve 
array, each light valve being actuatable by a 
transistor; and 

providing a driver circuit electrically 

15 connected to the light valve array for actuating the 

light valves such that light is transmitted through 
the actuated light valves to the optical system for 
projection onto the viewing surface. 

30. The method of Claim 29 wherein the light 

20 transmitting material comprises liquid crystal. 

31. The method of Claim 29 further comprising forming 
the array of transistors in a semiconductor 
material. 



25 



32. The method of Claim 31 wherein the semiconductor 
material comprises a thin film of single crystal 
silicon. 
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33. The method of Claim 31 further comprising forming 
the driver circuit in the semiconductor material 
such that each transistor is electrically connected 
to and selectively driven by the driver circuit. 

5 34. A method of fabricating a slide assembly adapted for 
use in a chamber of a -slide projector having a 
projector body, a light source, an optical system 
and said chamber in which an image is placed for 
projection onto an external viewing surface, the 
10 method comprising: 

providing an optically transmissive substrate; 
positioning an active matrix over the 
substrate, the active matrix comprising an array of 
transistors and an array of electrodes and a light 
transmitting material through which light from the 
light source can be selectively transmitted to form 
a light valve array, each light valve being 
actuatable by a transistor; 

providing an optically transmissive superstrate 
over the active matrix for passing light transmitted 
through actuated light valves; and 

forming a housing in which the substrate, the 
active matrix and the superstrate are positioned, 
the housing adapted to be positioned in the slide 

chamber of the rISh^ ^^^^^ t-Ho i 

dimensioned to be rigidly disposed within said 
chamber between the light source and the optical 
system such that light is transmitted through the 
actuated light valves to the optical system for 
projection onto the viewing surface. 



15 



20 



25 
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35. The method of Claim 37 further comprising forming 
the array of transistors in or on a thin film of 
single crystal silicon. 

36. The method of Claim 40 further comprising forming a 
5 driver circuit in or on the silicon such that each 

transistor is electrically connected to and 
selectively driven by the driver circuit. 

37. A light valve assembly for a display adapted for use 
in a slide projector, the assembly comprising: 

10 an electronics unit adapted to be positioned 

relative to the slide projector; 

a light valve module comprising a light valve 
array , each light valve of the array including a 
transistor, an electrode and a material through 

15 which light can be selectively transmitted, each 

light valve being actuatable by a transistor, the 
light valve array being electrically connected to 
and controlled by the electronics unit, the module 
adapted to be inserted into the slide projector such 

20 that the light valve array selectively transmits 

light via actuated light valves to provide projected 
images . 



25 



38. The light valve assembly of Claim 37 wherein the 
array of transistors are formed in or on a 
semiconductor material. 
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39. The light valve assembly of Claim 38 further 
comprising a driver circuit formed in or on the 
semiconductor material and connected to the 
electronics unit such that each transistor is 

5 electrically connected to and selectively driven by 

the driver circuit. 

40. The light valve assembly of Claim 38 wherein the 
semiconductor material comprises a thin film of 
single crystal silicon. 

10 41. A slide assembly adapted for use with a slide 

projector having a projector body, a light source, 
am electrical input for powering the light source, 
an optical system and a chamber in which an image 
can be placed for projection onto an external 

15 viewing surface, the slide assembly comprising: 

an electronics unit spaced from the projector 
body, the electronics unit adapted to receive an 
electrical signal and an image signal, the 
electronics unit having processing circuitry for 

20 encoding the image signal and coupling the encoded 

image signal into the electrical signal to form an 
encoded electrical signal, the electronics unit 
providing the encoded electrical signal to the 
electrical input of the projector, the light source 

25 responsive to the encoded electrical signal 

transmitting light which includes the encoded image 
signal to the chamber; and 
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an active matrix slide adapted to be positioned 
in the chamber, the slide comprising an active 
matrix actuatable by the encoded image signal and a 
detector for detecting the encoded image signal to 
5 actuate the active matrix, the actuated active 

matrix selectively transmitting light from the light 
source to provide images to the optical system for 
projection onto the external viewing surface. 

42. The slide assembly of Claim 41 wherein the active 
10 matrix comprises a light valve array, each light 

valve of the array including a transistor, an 
electrode and a material through which light can be 
selectively transmitted, each light valve being 
actuatable by the transistor. 

15 43. The light valve assembly of Claim 42 wherein the 
array of transistors are formed in or on a 
semiconductor material. 

44. The light valve assembly of Claim 42 further 
comprising a driver circuit electrically connected 

20 to. the detector and each transistor, the driver 

circuit receiving the encoded image signal from the 
detector and selectively actuate light valves. 

45. A slide assembly adapted for use with a slide 
projector having a projector body, a light source, 

25 

an optical system and a chamber in which an image 
can be placed for projection onto an external 
viewing surface, the slide assembly comprising: 
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an electronics unit spaced from the projector 
body; and 

an active matrix slide adapted to be positioned 
in the chamber, the slide comprising a photovoltaic 
device positioned to be exposed to light from the 
light source for providing power to the slide and an 
active matrix being in signal communications with 
and actuated by the electronics unit, the actuated 
active matrix selectively transmitting light images 
from the light source to provide images to the 
optical system for projection onto the external 
viewing surface. 

The slide assembly of Claim 45 wherein the active 
matrix comprises a light valve array, each light 
valve of the array including a transistor, an 
electrode and a material through which light can be 
selectively transmitted, each light valve being 
actuatable by the transistor. 

47. The light valve assembly of Claim 46 wherein the 
20 array of transistors are formed in or on a 

semiconductor material. 

48 . The light valve assembly of Claim 47 further 
comprising a driver circuit formed in or on the 
semiconductor material and in communication with the 

25 electronics unit such that each transistor is 

electrically connected to and selectively driven by 
the driver circuit. 
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